DISPOSITION  INSTRUCTIONS* 

Destroy  this  report  when  no  longer  needed.  Do  not  return  it  to  the  originator. 


DISCLAIMER 


The  findings  in  this  report  are  not  to  be  construed  as  an  official  Department 
of  the  Army  position  unless  so  designated  'uy  other  authorized  doouments.  The 
use  of  trade  names  in  this  report  does  not  constitute  an  official  endorsement 
of  the  use  of  such  commercial  hardware  or  software.  This  report  may  not  be 
cited  for  purposes  of  advertisement. 


1  These  disposition  instructions  do  not  apply  to  the  record  copy  (AR  3*10-18). 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  1  HIS  PAGE  (Whrn  Oa<a  F.nlmrm I) 


REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  NUMBER  2.  GOVT  ACCESSION  NO. 

TECOM  Pro.iect  No.  7-C0-RDT-TT 1-002 

3.  RECIPIENT’S  CATALOG  NUMBER 

s 

*.  TITLE  find  Subtitle)  ' 

Methodology  Investigation — Final  Report — Chamber 
Versus  Environmental  Deterioration  Tests 

5.  TYPE  OF  REPORT  4  PERIOD  COVERED 

Final  Report 

January  1976 — June  1977 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AU  THOR (e) 

Dr.  William  A.  Dement,  US  Army  Tropic  Test  Center 
Oscar  H.  Calderon,  US  Army  White  Sands 

Missile  Range 

8.  contract  OR  GRANT  number^; 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Tropic  Test  Center 

ATTN :  STETC-MTD 

APO  Miami  34004 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  &  WORK  UNIT  NUMBERS 

1  1.  CONTROLLING  OFFICE  NAME  AND  AODRES 

US  Army  Test  and  Evaluation  Command 

ATTN:  DRSTE-AD-M 

Aberdeen  ProvinK  Ground,  MD  210Q8 

12.  REPORT  DATE 

January  1979 

13.  NUMBER  OF  PAGES 

68  .  .  - . - 

14.  MONITORING  AGENCY  NAME  A  ADORESS<7f  diflmrmnt  from  Controlling  Ol(icm) 

IS.  SECURITY  CLASS,  (of  thlm  r •port) 

Unclassified 

ISa.  DECLASSI  F|  CATION/ DOWNGRADING 
SCHEDULE 

16.  DISTRIBUTION  STATEMENT  (ol  t/il«  Report) 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (ot  th*  obtlrocl  antara d  In  Block  30,  II  dlllirtnl  from  Report)  ~ 


ia.  supplementary  notes 

G 

1 

|  t9.  key  WORDS  (Conf/nu«  on  rmvmrmm  aid*  it  nmcmmmmry  mnd  Idantily  by  block  nitmbmr) 

Methodology  investigation 

Chamber  testing 

Materiel  degradation 

US  Army  Tropic  Test  Center 

Humid  tropics 

Environmental  testing 

MIL-STD-8 10 

2C.  ABSTRACT  fCootfau*  nrtvyrH  ml* bm  ft  rMCMMiy  mad  IdmrUtty  by  block  numhf) 


j'The  US  Army  Tropic  Test  Center,  "and  the  US  Army  Materiel  Test  and  Evaluation 
Directorate,  White  Sands  Missile  Range,  conducted  a  1-year  methodology  inves¬ 
tigation  to  determine  correlations  between  test  results  obtained  for  selected 
systems  exposed  to  the  humid  tropics  and  in  controlled  environmental  test 
chambers.  A  tropical  greenhouse  was  evaluated  as  an  alternative  to  standard 
temperature-humidity  chambers.  y  f. 


00 

\ 

Am mm 


1473  .  Eur'AOH  OF  *  MOV  F  5  IS.  OBSOLETE 

_ imoAsaiEiap _ 

iA  SECURITY  CLASSIFICATION  OF  THIS  PACE  f»Mn  SM<  Entered) 


row# 

I  JAN  73 


_ _ UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THIS  PAOEQWmn  Dmtm  Bnlmnd) 


Block  20  (cont) 

It  was  concluded  that  the  tropical  greenhouse  exposure  provided  a  more  accurate 
prediction  of  tropic  performance  than  the  temperature-humidity  chamber.  Accel¬ 
eration  of  tropic  degradation  processes  was  not  observed  in  simulated  environ¬ 
ments.  At  least  6  to  12  months  were  required  to  produce  failure. 

It  was  recommended  that  further  studies  be  conducted  to  refine  and  validate  the 
tropical  greenhouse  methodology  in  order  to  better  predict  materiel  performance 
in  the  humid  tropics.  This  refinement  and  validation  is  required  prior  to  sub¬ 
stituting  tne  greenhouse  methodology  for  field  exposure  testing.  Because 
degradation  processes  are  not  accelerated  in  the  chamber,  a  cost  comparison 
study  should  be  conducted  between  chamber  testing  and  field  testing  in  the  humid 
tropics. 
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SECTION  1.  NUMMARY 


1.1  BACKGROUND 

Attempts  to  correlate  data  from  natural  field  trials  with  data  from 
environmental  chambers  are  not  new.  Many  related  investigations  have  been 
conducted  by  various  agencies  including  US  Army  Test  and  Evaluation  Command 
(TECOM).  In  February  1974,  TECOM  chaired  an  informal  meeting  at  White  Sands 
Missile  Range  (WSMR) ,  NM,  to  discuss  and  review  problems  related  to  corre¬ 
lating  simulated  and  natural  environmental  test  results.  As  a  result  of  this 
meeting,  a  coordinated  effort  was  established  between  US  Army  Tropic  Test 
Center  (USATTC)  and  Army  Materiel  Test  and  Evaluation  (ARMTE) ,  WSMR.  An 
investigation  was  proposed  to  compare  results  from  chamber  testing,  i.e.,  a 
tropical  greenhouse  and  a  fungus  chamber,  with  results  obtained  from 
exposures  in  a  natural  humid  tropic  environment.  The  study  was  a  novel, 
innovative  approach  to  chamber  versus  field  comparisons  in  that  the  tropical 
greenhouse  was  designed  to  simulate  many  of  the  environmental  factors  pres¬ 
ent  in  a  natural  humid  tropic  environment. 

The  study  would  be  considered  successful  if  procedures  could  be  estab¬ 
lished  for  chamber  simulation  of  tropic  environmental  effects  on  materiel 
performance.  TECOM  funded  the  joint  proposal.  Investigations  were  started 
by  USATTC  in  January  1976,  and  by  ARMTE  in  March  1976.  This  final  report 
includes  comparisons  of  results  from  the  USATTC  and  the  ARMTE  investigations. 

1.2  OBJECTIVE 

The  objective  of  this  investigation  was  to  determine  the  levels  of  cor¬ 
relations  that  may  exist  between  test  results  obtained  from  selected  systems 
exposed  in  the  humid  tropics  and  in  controlled  environmental  test  chambers. 

1.3  SUMMARY  OF  PROCEDURES 

Two  different  types  of  test  items  were  designed  and  fabricated  by  USATTC 
to  perform  known  measurable  functions.  Digital  electronic  and  optical  sys¬ 
tems  were  combined  into  one  test  item  and  a  pneumatic/hydraulic/raechanical 
system  (PHM)  was  designed  into  a  second  test  item.  Detailed  test  procedures 
and  failure  criteria  were  established  for  each  test  item  to  assure  compara¬ 
bility  of  data  obtained.  Some  of  the  test  items  were  established  as  controls 
and  maintained  in  air-conditioned  laboratory  environments  at  WSMR  and  USATTC. 
The  remaining  test  items  were  placed  at  ARMTE  in  a  simulated  tropical  green¬ 
house  and  in  a  fungus  chamber,  and  at  USATTC  in  open  and  jungle  exposure 
sites.  Exposure  of  the  optical  and  electronic  systems  began  in  January  1976 
at  USATTC  and  in  May  1976  at  ARMTE.  The  PHM  test  items  were  placed  in  the 
ARMTE  greenhouse  and  fungus  chamber  in  September  1976  when  the  simulated 
rainy  season  was  started,  because  USATTC  PHM  test  exposures  began  at  the 
beginning  of  the  rainy  season,  March  1976. 
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Visual  exami nations  and  functional  checkouts  were  performed  on  all  test 
items  at  approximately  15-day  intervals  for  the  duration  of  the  test.  Test 
item  degradation  was  measured  in  terms  of  changes  in  performance  and  system/ 
component  failure  rates.  A  component  was  classified  as  susceptible  to  deg¬ 
radation  in  mi  exposure  environment  if  more  than  one  failure  or  reduction  in 
performance  occurred  in  that  environment  during  the  course  of  the  study. 
ARMTE  terminated  its  greenhouse  and  fungus  chamber  exposures  in  May  1977  and 
shipped  all  the  test  items  to  USATTC  for  a  joint  final  evaluation  by  both 
ARMTE  and  USATTC  personnel. 

Data  from  the  Canal  Zone  exposures  were  used  as  measures  of  expected  item 
performance  in  the  humid  tropics.  Data  from  the  tropical  greenhouse  and 
fungus  chamber  were  compared  with  those  from  the  natural  exposures  to  deter¬ 
mine  whether  the  artificial  environments  caused  the  same  type  and  degree  of 
materiel  degradation  as  the  natural  environments.  The  tropical  greenhouse 
represented  a  new  approach  to  chamber  testing  in  that  a  wide  variety  of  fac¬ 
tors  found  in  the  natural  tropic  environment  were  included,  i.e.,  tempera¬ 
ture,  humidity,  rainfall,  solar  radiation,  vegetation,  insects,  micro-organ¬ 
isms  and  soil.  The  fungus  chamber  represented  a  conventional  temperature- 
humidity  chamber  cycled  to  approximate  the  humid  tropics. 

1.4  SUMMARY  OF  RESULTS 


1.4.1  Controls 

None  of  the  control  test  items  had  any  failures  or  showed  any  significant 
change  in  system  performance  during  the  1-year  test. 

1.4.2  Optical  System 

System  Failure  Rates.  Column  2  of  table  1  presents  the  optical  system 
failure  rates  calculated  at  the  completion  of  the  test.  Statistical  analysis 
of  the  failure  data  indicated  that  only  the  frequency  of  occurrence  of  system 
failure  at  the  USATTC  open  exposure  site  was  significantly  different  from 
that  at  the  USATTC  jungle  exposure  site  and  the  WSMR  tropical  greenhouse. 
The  frequency  of  occurrence  of  system  failure  at  the  open  exposure  site  was 
significantly  less  than  that  at  the  other  two  exposure  sites. 

Component  Failures  and  Degradation.  Three  components  were  identified  as 
susceptible  to  deterioration  in  the  test  environments:  operational  ampli¬ 
fiers,  light  emitting  diodes  and  lenses.  However,  the  occurrence  of  opera¬ 
tional  amplifier  failures  at  the  USATTC  open  exposure  site  was  significantly 
less  than  that  at  the  other  three  test  environments. 
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Degradation  in  lens  transmissivity  was  measured  at  the  completion  of  the 
test  before  and  after  cleaning  of  the  lenses.  The  uncleaned  lenses  at  the 
greenhouse  and  open  exposure  sites  showed  a  significant  reduction  in  trans¬ 
missivity.  Reduction  of  transmissivity  was  caused  by  surface  deposits  of 
dirt  and  corrosion  products  on  the  lenses.  N  biological  activity  was 
observed.  The  severity  of  transmissivity  degradation  was  greater  in  the 
greenhouse  environment  than  at  the  tropic  open  exposure  site.  There  was  some 
reduction  in  lens  transmissivity  in  the  tropic  jungle  and  the  fungus  chamber 
environments;  however,  it  was  not  significantly  different  from  that  at  the 
control  site.  Column  3  of  table  1  presents  the  percentages  of  lenses  that 
exhibited  significant  reduction  in  transmissivity  after  the  lenses  had  been 
cleaned.  All  other  lenses  exposed  in  the  four  test  environments  showed  no 
significant  reduction  in  transmissivity  after  they  had  been  cleaned. 

Initial  System  Failures.  The  initial  component  failure  in  the  optical 
system  occurred  after  16  weeks  in  the  tropic  open  exposure  site  (an  opera¬ 
tional  amplifier),  after  17  weeks  in  the  fungus  chamber  (a  resistor),  after 
17  weeks  in  the  tropical  greenhouse  (a  resistor  and  an  operational  ampli¬ 
fier),  and  after  23  weeks  in  the  tropic  jungle  exposure  site  (a  resistor). 

The  three  resistors  noted  above  were  the  only  resistor  failures  that 
occurred  during  the  entire  exposure  period.  These  resistors  were  probably 
"weak  sisters"  from  the  lot  and  their  short  life  RDan  (infantile  failures  in 
humid-tropic-type  environments)  should  not  be  consiuered  indicative  of  the 
matured  reliability  of  the  lot.  Neglecting  resistor  failures,  the  initial 
component  failure  in  both  the  fungus  chamber  and  jungle  exposure  site  was  an 
operational  amplifier.  The  failure  occurred  after  42  weeks  of  exposure  in 
the  fungus  chamber  and  after  27  weeks  of  exposure  in  the  jungle  site.  System 
failures  (neglecting  resistor  failures)  amounting  to  20  percent  of  the  sys¬ 
tems  exposed  at  a  test  environment  occurred  after  27,  27,  24  and  42  weeks  of 
exposure  in  the  jungle  and  open  exposure  sites,  tropical  greenhouse  and  fun¬ 
gus  chamber,  respectively. 

Digital  Electronic  System.  This  system  was  most  insensitive  to  deg¬ 
radation  in  all  test  environments .  One  system  failure  occurring  during  the 
12-month  exposure  period  was  considered  to  be  a  random  failure.  Illuminance 
measurements  of  the  digital  display  exhibited  no  significant  deterioration 
in  any  of  the  test  environments. 

1.4.4  Pneumatic/Hydraulic/Mechanical  (PHM)  System 

System  Failure  Rates.  Column  4  of  table  1  presents  the  PHM  system  fail¬ 
ure  rates  calculated  at  the  completion  of  the  test.  Statistical  analysis  of 
the  failure  data  indicated  that  there  were  no  significant  differences  in  the 
numbers  of  system  failures  occurring  at  the  four  test  environments. 

Component  Failures  and  Degradation.  System  performance  was  measured  in 
terms  of  PHM  piston  displacement  under  three  input  pressure  conditions: 
piston  displacement  under  an  input  pressure  of  25  pounds  per-square-inch 
gauge  (psig),  piston  displacement  under  an  input  pressure  of  40  psig  and 
piston  displacement  following  a  return  to  an  input  pressure  of  25  psig  from 
40  psig.  Similar  systematic  downward  trends  of  the  performance  data  were 
observed  for  all  test  environments.  Columns  5,  6  and  7  of  table  1  present 
the  average  percent  change  in  piston  displacement  at  the  completion  of  the 
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test.  As  a  measure  of  the  association  among  the  performance  data  degradation 
trends  observed  for  the  four  test  environments  during  the  period  of  the 
study,  correlation  coefficients  between  related  performance  data  for  the 
different  test  environments  were  computed  using  estimates  of  the  mean  piston 
displacement  at  biweekly  intervals.  Correlation  coefficients  are  presented 
in  table  2.  Corrosion  of  the  hydraulic  slave  cylinder  was  the  major  cause 
of  performance  degradation  and  failure  in  all  test  environments. 

Initial  System  Failures.  The  initial  failure  of  the  PHM  system  occurred 
after  27,  28  and  33  weeks  of  exposure  in  the  open  exposure  site,  tropical 
greenhouse  and  jungle  exposure  site,  respectively.  Failures  amounting  to  20 
percent  of  the  systems  exposed  at  a  test  environment  occurred  after  33,  34 
and  33  weeks  of  exposure  in  the  open  exposure  site,  tropical  greenhouse  and 
jungle  exposure  site,  respectively.  There  were  no  system  failures  in  the 
fungus  chamber  environment. 


Table  2.  Correlation  Coefficients  Between  Related  PHM  System  Performance 
Data  for  the  Four  Test  Environments. 


Test  Environments 

25  psig 
Input 
Pressure 

M0  psig 
Input 
Pressure 

25  psig 
Return 
Input 
Pressure 

Jungle  Versus  Greenhouse 

0.91 

0.96 

0.93 

Jungle  Versus  Fungus  Chamber 

0.78 

0.91 

0.90 

Jungle  Versus  Open 

0.88 

0.95 

0.90 

Open  Versus  Greenhouse 

0.89 

0.93 

0.80 

Open  Versus  Fungus  Chamber 

0.79 

0.85 

0.76 

Greenhouse  Versus  Fungus  Chamber 

0.87 

0.96 

0.92 

1.5  ANALYSIS 

1.5.1  Because  no  performance  degradation  or  failures  were  found  in  the 
control  test  items,  the  changes  in  performance  and  failures  found  in  the 
test  environments  were  attributed  to  environmental  effects  rather  than 
inherent  properties  of  the  test  items.  (Note:  A  test  item  was  not 
classified  a3  susceptible  to  environmental  degradation  if  only  one  failure 
of  the  item  occurred  and  if  no  reduction  in  performance  occurred  during  the 
course  of  the  study.) 

1.5.2  Comparison  of  the  effects  of  the  test  environments  on  the  test  items 
were  made  in  terms  of  item  performance,  average  failure  rates  and  identifica¬ 
tions  of  susceptible  components.  Unless  otherwise  stated,  tests  of  statis¬ 
tical  hypotheses  were  performed  at  the  0.05  level  of  significance. 

1.5.3  For  the  optical  system,  both  chamber  environments  produced  effects 
similar  to  those  observed  in  the  natural  environments  with  the  following 
exceptions:  (1)  the  tropic  open  exposure  site  produced  significantly  fewer 
failures  of  operational  amplifiers  than  the  chamber  environments,  and  (2) 
reduction  of  lens  transmissivity  during  the  exposure  period  was  significantly 
greater  in  the  greenhouse  environment  than  in  the  natural  environments. 
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The  occurrence  of  operational  amplifier  failures  at  the  tropic  open 
exposure  site  was  also  significantly  less  than  that  at  the  tropic  jungle 
exposure  site.  The  difference  in  materiel  effects  at  the  two  natural  envi¬ 
ronments  demonstrates  the  previously  reported1  observation  that  the  onset 
and  severity  of  degradation  to  materials  and  materiel  item  performance  are 
dependent  on  the  type  of  humid  tropic  exposure  to  which  the  item  is 
subjected.  If  different  exposure  modes  in  the  humid  tropics  elicit  signifi¬ 
cantly  different  performance  responses  from  materiel  items,  then  obviously 
one  set  of  chamber  conditions  will  not  provide  test  results  which  correlate 
with  those  from  all  possible  humid  tropic  exposure  modes.  This  situation 
indicates  the  need  for  chamber  test  methodologies  to  simulate  multiple  humid 
tropic  environmental  exposure  modes.  The  proper  selection  of  chamber  test 
conditions  for  a  particular  test  item  would  be  dependent  on  the  expected  or 
worst  case  use  and  storage  conditions  for  the  item.  For  example,  wheeled 
vehicles  that  would  be  expected  to  be  employed  most  often  in  an  environment 
similar  to  the  tropic  open  en/ironment  of  the  study  would  require  a  chamber 
test  that  simulated  a  humid  tropic  open  environment  rather  than  a  tropic 
jungle  environment. 

Reduction  in  lens  transmissivity  during  the  course  of  the  investigation 
was  greatest  for  the  lenses  exposed  in  the  greenhouse  environment.  The 
lenses  of  the  tropic  open  exposure  site  also  exhibited  significant  reduction 
in  lens  transmissivity,  but  the  reduction  was  significantly  less  than  that 
at  the  greenhouse  environment.  Reduction  in  lens  transmissivity  was  caused 
by  the  accumulation  on  the  lenses  of  dirt  and  corrosion  products  from  the 
optical  system’s  housing.  Corrosion  products  were  deposited  on  the  lenses 
primarily  through  the  action  of  rain  penetrating  into  the  test  item  at  the 
greenhouse  and  tropic  open  expos we  sites.  This  was  evident  from  the  shapes 
of  the  deposits  which  were  in  the  form  of  splash  marks.  Also,  several  times 
during  the  study,  accumulation  of  water  was  observed  in  the  test  items  at 
these  sites.  The  greater  transmissivity  loss  for  the  greenhouse  lenses  can 
be  attributed  to  the  more  severe  corrosion  of  the  housing  in  the  greenhouse 
environment.  Corrosion  was  promoted  by  the  presence  of  mineral  deposits  on 
the  housing  surface,  the  source  of  which  was  the  tap  water  used  for  the 
humidity  control  and  rain  in  the  greenhouse.  It  is  believed  that  the  use  of 
a  more  appropriate  water  source  would  have  resulted  in  the  transmissivity 
losses  being  more  similar  to  those  recorded  at  the  tropic  open  exposure  site. 

The  lack  of  correlation  between  the  levels  of  lens  transmissivity  reduc¬ 
tion  at  the  tropic  open  and  jungle  exposure  sites  demonstrates  another 
example  of  the  different  effects  which  exposure  modes  have  on  materiel  items. 


^Sprouse,  J.  F. ,  M,  D.  Neptune,  and  J.  C.  Bryan.  "Determination  of  Optimum 
Tropic  Storage  and  Exposure  Sites,  Report  II:  Empirical  Data,"  USATTC 
Report  No.  7403001,  TECQM  Project  No.  9-CO-009-000-006 ,  US  Army  Tropic  Test 
Center.  Fort  Clayton,  Canal  Zone,  March  1974,  AD  A0Q5Q17. 

Dwns .  G.  F.,  R.  J.  Gorak.  "Expos ure /Performance  Tests  of  Selected  Materiel 
Items,"  USATTC  Report  No.  790102,  TECOM  Project  No.  7-CO-RD5-TT1-016 ,  US 
Army  Tropic  Test  Center,  Fort  llay'con,  Canal  Zone,  January  1979. 
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1.5. 4  For  the  digital  electronic  system,  no  deterioration  in  performance  or 
reliability  was  noted  in  any  of  the  test  environments.  This  result  is  mean¬ 
ingful  because  it  supports  the  validity  of  the  test  design,  which  requires 
that  materiel  items  insensitive  to  degradation  in  a  natural  environment 
should  not  exhibit  degradation  patterns  in  a  simulated  chamber  test. 

However,  it  must  be  pointed  out  that  the  study  results  are  valid  for  only 
a  12-month  natural  exposure  period.  Materiel  items  are  often  required  to 
withstand  longer  periods  in  a  humid  tropic  environment.  The  question  then 
arises — would  the  performance  and  reliability  of  the  digital  electro 'ic  as¬ 
tern  degrade  significantly  with  additional  exposure  time?  If  the  answer  i3 
yes  and  if  survival  of  the  item  is  important  to  the  user  of  the  item,  then 
chamber  methodologies  such  as  those  studied  in  this  investigation  may  have 
limited  value  in  predicting  long-term  humid  tropic  effects.  Long-term  (2  to 
5  years)  exposure  studies  would  be  required  to  investigate  this  possibility. 

1.5.5  For  the  PHM  system,  the  primary  cause  of  performance  deterioration 
and  system  failure  in  the  natural  environments  was  corrosion  buildup  in  the 
hydraulic  slave  cylinder.  The  same  effect  also  was  observed  in  the  two 
chamber  environments .  Statistical  analysts  of  the  performance  data  indicated 
that  there  were  no  statistically  significant  differences  between  the  severity 
of  performance  degradation  in  the  chamber  environments  and  that  in  the  natu¬ 
ral  environments.  The  statistical  analysis  did  indicate  a  moderate  delay 
(estimated  to  be  45  days)  in  the  onset  of  performance  deterioration  of  the 
system  at  the  tropic  open  exposure  site,  however,  the  sparsity  of  rain  at 
the  open  exposure  site  during  the  first  30  days  of  the  exposure  may  have 
contributed  to  the  delay. 

In  general,  performance  measurements  of  the  PHM  systems  in  the  natural 
and  simulated  tropic  environments  were  nighly  variable.  Generally,  the  means 
of  the  performance  data  decreased  with  exposure  time  while  the  variance  of 
those  data  increased  with  exposure  time.  The  pattern  reflects  the  observa¬ 
tion  that  the  performance  of  some  systems  deteriorated  rapidly,  while  the 
performance  of  others  showed  little  or  no  deterioration  with  exposure  time. 
High  variability  of  performance  data  was  noted,  even  for  systems  exposed  in 
the  fungus  chamber  where  temperature  and  humidity  did  not  differ  throughout 
the  test  chamber  more  than  0.6°C  (1°F)  and  2  percent  relative  humidity. 
The  causes  for  the  high  variability  in  performance  are  normally  ascribed  to 
the  action  of  microenvironments,  to  subtle  inherent  differences  among  the 
materiel  items  or  to  a  combination  of  both.  High  item  performance  variabil¬ 
ity  is  a  disadvantage  to  using  performance  data  in  the  comparison  of  chamber 
versus  natural  environments  b<  cause  large  sample  sizes  may  be  required  to 
detect,  as  statistically  significant,  differences  that  might  be  considered 
to  be  of  practical  significance. 

1.5.6  Comparisons  of  the  results  (tables  1  and  2)  obtained  in  the  fungus 
chamber  and  greenhouse  environments  suggest  that  the  greenhouse  environment 
is  more  representative  (with  respect  to  the  environmental  effects  on  test 
item  performance  and  reliability)  of  the  natural  environments  than  is  the 
fungus  chamber.  Although  the  statistical  coni'* dence  of  the  estimates  of  the 
performance  parameters  presented  in  tables  1  and  2  is  low,  because  of  the 
high  variability  of  the  data  and  small  sample  sizes  employed  by  the  study, 
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the  consistency  of  agreement  between  the  greenhouse  data  and  the  data 
obtained  from  the  natural  environments  suggests  that  the  greenhouse  method¬ 
ology  is  a  viable  approach  for  simulation  of  the  natural  environment. 
However,  more  work  on  refining  the  greenhouse  methodology  is  required  to 
determine  (1)  if  the  correlations  hold  when  using  water  representative  of 
natural  rainwater  for  the  greenhouse  humidity  and  rain  systems,  (2)  if  the 

correlations  hold  when  using  other  materiel  items  and  (3)  if  variations  to 

the  greenhouse  methodology  are  required  to  simulate  the  various  different 
exposure  conditions  j.n  the  humid  tropics. 

1.5.7  Statistical  analyses  of  test  item  performance  data  and  failure  data 
indicate  that  the  onset  of  performance  and  reliability  degradation  in  the 
chamber  environments  was  not  significantly  different  from  that  in  the  tropic 
jungle  exposure  site.  Initial  failures  in  the  chamber  environments  occurred 
at  about  4  months  for  the  optical  system  and  6  months  for  the  PHM  system. 

This  implies  that  at  least  a  6-  to  12-month  exposure  period  may  be  required 

to  adequately  characterize  failures  caused  by  the  humid  tropic  environment. 

1.6  CONCLUSIONS 

The  tropical  greenhouse  exposure  provided  a  more  accurate  prediction  of 
tropic  performance  than  did  the  fungus  chamber  exposure. 

Meaningful  acceleration  of  tropic  degradation  processes  may  not  be 
attainable  in  a  tropical  greenhouse  or  in  a  fungus  chamber. 

1.7  RECOMMENDATIONS 

The  tropical  greenhouse  methodology  should  not  be  substituted  for  ^ield 
exposure  testing  until  it  is  further  refined  and  validated. 

A  cost  comparison  study  should  be  conducted  between  chamber  testing  and 
field  testing  in  the  humid  tropics,  because  system  failures  and  the  deterio¬ 
ration  of  system  functions  were  not  accelerated  under  chamber  conditions  in 
this  study. 

Performance  measurements  of  the  PHM  systems  in  the  natural  and  simulated 
tropic  environments  were  highly  variable.  High  item  performance  variability 
is  a  disadvantage  to  the  use  of  performance  data  in  the  comparison  of  chamber 
versus  natural  environments  in  that  large  sample  sizes  may  be  required  to 
detect,  as  statistically  significant,  differences  that  might  be  considered 
to  be  of  practical  significance.  Because  the  variance  of  item  performance 
responses  to  environmental  factors  will  be  unknown  until  the  items  are 
exposed  to  a  particular  environment ,  it  behooves  the  investigator  during  the 
planning  stages  of  the  study  to  judiciously  select,  with  the  aid  of  a 
statistician,  sample  sizes  which  will  be  sufficient  to  detect,  by  means  of 
statistical  tests,  important  differences  in  the  performance  of  materiel 
items  exposed  to  chamber  and  natural  environments. 

TECOM  should  fund  further  studies  for  refining  and  validating  the  tropi¬ 
cal  greenhouse  test  methodology  to  better  predict  materiel  performance  in  the 
humid  tropics. 
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SECTION  2.  DETAILS  OF  THE  INVESTIGATION 


2.1  MATERIALS  AND  METHODS 

2.1.1  Test  Environments 

Test  items  were  exposed  in  six  environments  in  this  study,  three  at 
USATTC  and  three  at  ARMTE.  An  open  exposure  site  (figure  1)  and  a  jungle 
exposure  site  (figure  2)  on  the  Paeific  side  of  the  Isthmus  of  Panama  in  the 
Canal  Zone  were  used  for  the  USATTC  field  exposures.  These  sites  were 
located  in  the  General  Purpose  Test  Area  near  Chiva-Chiva.  The  third  USATTC 
exposure,  in  an  air-conditioned  laboratory,  was  used  to  provide  baseline 
information  on  test  item  performance.  ARMl’E  also  had  an  air-conditioned 
laboratory  exposure  for  a  control.  In  addition,  tt*>  chamber  environments 
were  used.  The  first  test  chamber,  designated  in  this  report  as  the  fungus 
chamber,  provided  controlled  temperature  and  humidity  conditions  a3  specified 
in  MIL -STD-8 IOC, 2  Method  508,  Fungus.  The  second  test  chamber  was  a  tropical 
greenhouse  (figure  3)  which  was  designed  to  simulate  factors  found  in  a 
natural  tropic  environment  to  include:  temperature,  humidity,  rainfall, 
3olar  radiation,  air  movement,  salt  fall,  representative  flora  and  fauna, 
and  soils.  Deionized  water  was  used  in  the  fungus  chamber  to  provide  for 
the  required  humidity  values  of  MIL-STD-810C.  Tap  water  containing  high 
concentration  of  inorgani  c  salts  was  used  initially  in  the  tropical  green¬ 
house  as  the  source  for  rain  and  humidity.  During  the  test,  surface  accumu¬ 
lation  of  mineral  deposits  consisting  primarily  of  sodium  and  calcium 
sulfates  was  noted  on  the  test  items  and  vegetation  in  tho  greenhouse  (figure 
4).  As  a  result,  in  February  1977,  the  humidifier  in  the  greenhouse  was 
changed  30  that  deionized  water  was  employed.  However,  the  rain  system  could 
not  be  converted  economically;  therefore,  tap  water  was  retained  as  the 
source  for  rain  in  the  greenhouse. 

Figures  5  through  10  illustrate  diurnal  temperature  and  relative  humidity 
profiles  for  the  two  tropic  and  the  tropical  greenhouse  exposures.  Averaged 
temperature  and  relative  humidity  data  collected  during  the  course  of  the 
study  were  used  to  construct  the  profiles. 

2.1.2  Test  Items 

The  test  items  consisted  of  three  systems  designated  as:  optical,  digi¬ 
tal  electronic,  and  PHM.  The  optical  and  digital  electronic  systems  were 
contained  within  a  single  metal  case  (figure  11).  The  PHM  system  was  a  sepa¬ 
rate  unit  (figure  12). 

The  optical/ digital  electronic  systems  were  placed  on  exposure  in  January 
1976  by  USATTC  and  in  May  1976  by  ARMTE.  The  test  items  were  distributed 
among  the  six  test  environments  as  follows:  5  to  USATTC  air-conditioned 
exposure;  20  to  USATTC  open  exposure;  5  to  USATTC  jungle  exposure;  10  to 
ARMTE  air-conditioned  exposure;  15  to  ARMTE  tropical  greenhouse  exposure, 
and  5  to  ARMTE  fungus  chamber  exposure.  Data  collection  was  terminated 
after  12  months  of  exposure.  The  PHM  systems  were  placed  on  exposure  at  the 
beginning  of  the  rainy  season  (March  1976)  for  USATTC  and  at  the  beginning 

2MIL-STD-81CC,  Environmental  Test  Methods,  10  March  1975. 
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TIME  of  DAY  (HOURS  ) 

Figure  7,  Temperature  and  Relative  Humidity  Profile  for  the  Tropic  Jungle 
Exposure  Site,  Wet  Season. 


Figure  8.  Temperature  and  Relative  Humidity  Profile  for  the  Tropic  Jungle 
Exposure  Site,  Dry  Season. 
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Figure  9.  Temperature  and  Relative  Humidity  Profile  for  the  Tropical 
Greenhouse/  Summer  Months,  WSMR. 


Figure  10.  Temperature  and  Relative  Humidity  Profile  for  the  Tropical 
Greenhouse,  Winter  Months,  WSMR. 
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of  the  simulated  greenhouse  rain  (September  1976)  for  ARMTE.  Data  collection 
was  terminated  after  9  months  of  exposure.  The  test  items  were  distributed 
among  six  test  environments  as  foLlows:  5  to  USATTC  air-conditioned  expo¬ 
sure,  20  to  USATTC  open  exposure,  5  to  USATTC  jungle  exposure,  5  to  ARMTE 
air-conditioned  exposure,  20  to  ARMTE  tropical  greenhouse  exposure,  and  5  to 
ARMTE  fungus  chamber  exposure. 

2. 1.2.1  Optical  System 

Test  Item  Description.  The  optical  system  was  made  up  of  an  optical 
train  and  the  associated  analog  electronic  circuitry  required  to  convert  the 
resistance  of  a  photocell  into  a  voltage  reading. 

The  optics  train  consisted  of  a  double  convex  lens  which  focused  light 
produced  by  a  gallium  arsenide  phosphide  light  emitting  diode  (LED)  onto  a 
cadmium  sulphide  photocell.  Power  to  the  LED  was  supplied  from  the  regulated 
voltage  internal  to  the  electronic  circuitry  and  switched  with  a  section  of 
the  digital  electronic  system. 

The  analog  electronic  section  consisted  of  an  operational  amplifier  and 
associated  circuitry  required  to  transform  the  resistance  of  the  photocell 
into  a  corresponding  voltage  (figure  13)  .  The  operational  amplifier  was 
configured  as  a  noninverting  amplifier.  The  photocell  was  located  in  a 
resistance  ladder  comprised  of  two  resisters,  Rl  and  R3,  and  the  photocell. 
The  input  signal  to  the  operational  amplifier  was  available  at  test  point 
TP2.  The  gain  of  the  amplifier  was  controlled  with  potentiometer  R2.  Prior 
to  exposure,  the  gain  was  adjusted  to  produce  a  500  millivolt  shift  with  a 
10  percent  reduction  in  the  light  reaching  the  photocell.  This  was  accom¬ 
plished  by  inserting  a  calibrated  filter  in  the  light  path  between  the  lens 
and  the  cell,  and  adjusting  112  to  obtain  a  500  millivolt  shift  in  the  output. 
The  operating  point  was  then  adjusted  with  Rl  so  that  the  output  without  the 
filter  was  slightly  below  the  positive  rail.  This  adjustment  was  necessary 
because  of  positive  drift  in  the  WSMR  units.  The  reason  for  the  positive 
drift  was  not  determined.  In  September  1976,  all  units  were  adjusted  to  an 
output  near  "0"  volts.  Power  for  the  LED  was  provided  from  the  LM  309  volt¬ 
age  regulator  through  a  section  of  the  reset  switch. 


Go'n  Control 


Figure  13.  Optical  System  Schematic. 


Tester  Description.  The  optics  section  of  the  tester  consisted  basically 
of  the  interconnections  and  cabling  to  provide  power  to  and  recover  signals 
from  the  optics  section  in  the  test  item  (figures  14  and  15)  .  A  test  LED 
was  installed  in  a  test  cup.  The  test  LED  supplied  light  directly  to  the 
test  item  photocell,  thus  bypassing  the  test  item  LED  and  lens  system. 

Test  Procedures.  Before  performance  testing,  the  test  items  were  exam¬ 
ined  visually  for  evidence  of  deterioration.  Step-by-step  procedures  used 
in  collecting  data  on  the  optical  and  digital  electronics  systems  and  the 
data  collection  form  are  included  in  Appendix  B.  All  measurements  were  made 
inside  air-conditioned  instrumentation  vans. 

The  optical  system's  performance  was  determined  by  monitoring  the  output 
voltage  from  the  operational  amplifier  with  the  TJin  on  and  with  a  filter 
inserted  in  the  optical  path.  A  separate  LED  (from  the  tester)  inserted  in 
the  optical  path  and  illuminating  the  photocell  was  used  to  optically  bypass 
the  lens  and  the  orginal  LED.  This  tester  photocell  provided  an  independent 
check  on  the  optical  analog  electronic  system. 

A  system  failure  was  scored  when  an  item  failed  to  operate  properly  in 
two  sequential  inspections.  The  item  was  then  brought  into  the  lab  and  the 
cause  of  failure  identified.  If  the  failure  was  due  to  an  electronic  com¬ 
ponent,  it  was  scored  as  an  electronics  failure  and  the  component  was 
replaced.  Malfunctions  which  disappeared  on  system  drying  were  not  scored 
as  failures. 

Since  valid  data  could  not  be  obtained  if  a  significant  amount  of  water 
was  present  on  the  circuit  board,  testing  was  curtailed  during  rains.  Green¬ 
house  units  were  isolated  from  the  rain  for  a  period  prior  to  testing.  These 
precautions  were  instituted  after  some  early  data  were  found  to  be  unuseable 
because  of  water  on  the  systems. 

Lens  transmissivity  was  measured  prior  to  test  initiation  and  again  after 
test  completion.  Measurements  after  exposure  termination  were  made  before 
and  after  cleaning  tha  lens.  The  measurements  made  after  cleaning  were  com¬ 
pared  to  the  original  readings  to  determine  if  permanent  deterioration  in 
the  lens  had  occurred. 

Lens  transmissivity  was  measured  using  an  optical  bench.  An  LED  and  a 
photocell  were  mounted  on  the  optical  bench  28.5  centimeters  apart.  The  lens 
was  mounted  to  the  system  and  adjusted  to  focus  light  on  the  photocell  and 
produce  a  minimum  resistance.  This  resistance  was  measured  using  a  Fluke 
8600A  digital  multimeter  with  5  volts  of  direct  current  (DC)  powering  the 
LED.  All  readings  were  made  in  a  dark  room.  For  a  given  lens,  the  lens  to 
photocell  distance  was  kept  constant  for  all  readings.  The  system  produced 
reproducible  results  since  clean  lenses,  after  1  year  of  exposure,  gave 
results  very  close  to  those  obtained  for  the  same  lenses  when  they  were  new. 
Transmissivity  changes  were  reported  in  terras  of  photocell  resistance  changes 
— the  greater  the  resistance  change,  the  greater  the  fogging  of  the  lens. 

2.1. 2.2  Digital  Electronic  System 

Test  Item  Description.  The  digital  electronic  system  (figure  16)  con¬ 
sisted  of  two  integrated  circuit  TTL  decade  counters  (IC.3  and  IC4)  wired  in 
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Figure  16.  Digital  Electronic  System  Schematic. 
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tandem.  The  binary  coded  decimal  output  of  these  counters  was  decoded  by 
two  integrated  circuit  decoders  (ICl  and  IC2)  to  provide  the  correct  code 
for  the  seven-segment  displays  (Dl  and  D2)  .  The  decoders  were  configured 
for  leading  zero  suppression.  Regulated  power  was  provided  for  the  digital 
circuit  by  an  integrated  circuit  switching  regulator  (IC5) .  The  counter  was 
reset  with  the  momentary  pushbutton  switch  located  on  the  box  lid. 

Tester  Description.  The  digital  test  section  of  the  tester  (refer  back 
to  figure  14)  contained  a  free-running  multivibrator,  OSC  555.  This  oscil¬ 
lator  ran  continuously  and  was  controlled  by  capacitors  C-6  through  C-10  and 
r3.  The  output  of  the  oscillator  provided  the  basic  count  frequency  for  the 
digital  counters  in  the  tester  and  the  test  article.  This  frequency  was 
available  on  the  tester  front  panel  (refer  back  to  figure  15)  at  the  BNC 
connector  labeled  "FREQ." 

The  laboratory  frequency  counter  was  connected  to  this  connector.  The 
basic  count  frequency  was  applied  to  one  input  of  an  "AND"  gate  IC  7408. 
The  signal  would  not  pass  through  the  "AND"  gate  until  the  gate  was  armed  by 
the  “one  shot"  IC  74121.  The  "one  shot"  was  a  monostable  multivibrator  whose 
"UP"  or  "HIGH  TIME*  was  controlled  by  C-l  through  C-5.  These  capacitors, 
C-l  through  C-5,  were  selected  so  that  the  "AND"  gate  7408  was  not  armed  long 
enough  for  an  overflow  (greater  than  99)  to  occur  in  the  counter.  The  "one 
Bhot"  was  toggled  with  a  .  anual  switch  on  the  front  panel  labeled  "COUNT." 
This  switch  was  debounced  with  an  RS  flip-flop  formed  from  IC  7402  and  IC 
7404.  As  the  count  frequency  was  being  increased  with  C-6  through  C-10,  the 
counting  window  was  correspondingly  reduced.  This  was  done  automatically  I'y 
ganging  the  "one  shot"  and  oscillator  switches  together  forming  the  range 
switch.  The  output  of  the  "AND"  gate  was  applied  to  a  two  decade  counter  in 
the  tester  (Control  Counter)  and  through  Pin  D  of  the  output  plug  to  the 
counter  in  the  test  article. 

The  illuminance  of  the  seven-segment  LED  display  on  the  test  article  was 
measured  by  placing  a  cadmium  sulphide  photocell  in  a  special  holder  over 
the  display.  The  resistance  of  the  cell  was  measured  with  a  digital  voltme¬ 
ter  at  "PHOTOCELL  OUT"  on  the  front  panel.  A  100-kilohertz  resistor,  R5, 
was  placed  in  series  with  the  photocell  to  reduce  the  effect  of  the  cell 
self-heating  from  the  ohmmater’s  batteries. 

Test  Procedures.  Step-by-step  procedures  used  in  collecting  data  on  the 
optical  and  digital  electronic  systems,  and  data  collection  forms,  are 
included  in  Appendix  B.  All  measurements  were  made  inside  an  air-condi¬ 
tioned  instrumentation  van. 

Counting  accuracies  were  determined  at  five  basic  count  frequencies:  1, 
10,  100,  and  500  kilohertz  and  1  megahertz.  The  numbers  displayed  on  the 
test  item  were  compared  to  those  on  the  tester  display.  Differences  greater 
than  one  unit  were  considered  malfunctions.  Recurring  malfunctions  were 
considered  failures.  Failed  items  were  brought  into  the  lab  for  trouble¬ 
shooting.  If  the  failure  was  due  to  one  of  the  IC  components,  the  component 
was  replaced. 

Illuminance  of  the  LED  displays  was  measured  with  the  numbers  "1"  and 
"8"  displayed.  Measurements  were  recorded  in  ohms  using  the  tester  photo¬ 
cell.  Photocell  resistance  was  inversely  proportional  to  the  display  light 
output. 
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2. 1.2. 3  Pneumatic/Hydraulic/Mechanical  (PHM)  System 


Test  Item  Description.  The  PHM  system  (refer  back  to  figure  12)  con¬ 
sisted  of  an  air-activated  hydraulic  (pneumatic)  master  cylinder,  connected 
by  a  hydraulic  line  to  a  small  hydraulic  slave  cylinder.  The  piston  of  the 
slave  cylinder  exerted  its  force  against  a  helical  coil  spring  fastened  to 
the  mounting  frame.  A  rod  passed  through  the  frame  and  attached  to  the  pis¬ 
ton.  The  system  was  tested  by  applying  a  known  air  pressure  to  the  master 
cylinder  and  measuring  the  displacement  of  the  slave  cylinder  piston  with  a 
caliper. 

Tester  PescriLJtion.  The  PHM  system  was  tested  at  two  air  pressures,  1.8 
and  2.8  kilograms  per-square-centimeter  gauge  (25  and  40  pounds  per-square- 
inch  gauge) .  The  test  apparatus  (figure  17)  used  two  pressure  regulators  to 
break  down  the  air  pressure  from  a  compressed  air  tank  to  25  and  40  pounds 
per -square- inch  gauge  (psig).  The  reduced  pressures  were  applied  to  the  test 
unit  through  two  control  valves.  A  pressure  release  valve  was  used  to 
depressurize  the  unit. 

Test  Procedures.  The  PHM  system  was  tested  by  pressurizing  the  unit  to 
25  psig  and  measuring  piston  displacement.  The  pressure  was  increased  to  40 
psig  and  the  displacement  again  measured.  The  system  was  then  depressurized 
to  25  psig  and  the  piston  displacement  measured  a  third  time.  Detailed  test 
procedures  are  included  in  Appendix  B.  All  measurements  were  made  inside 
air-conditioned  instrumentation  vans. 

A  PHM  system  was  scored  as  a  failure  when  no  piston  displacement  was 
noted  at  either  25  or  40  psig  for  two  sequential  inspections. 


Figure  17.  Pneumatic/Hydraulic/Mechanical  System  Tester. 
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2.2  RESULTS 


This  section  summer izes  the  comparison  of  results  obtained  from  the  jun¬ 
gle  and  open  exposure  sites  with  those  from  the  tropical  greenhouse  and 
fungus  chamber. 

2.2.1  Optical  System. 

System  Performance.  The  optical  system  consisted  of  an  analog  amplifier 
which  was  driven  by  an  optical  circuit  containing  an  LED  feeding  through  a 
lens  to  a  photocell  which  controlled  the  input  to  the  analog  amplifier.  The 
change  of  lens  transmissivity  was  one  measure  of  system  performance  used  in 
the  study  (a  reduction  in  lens  transmissivity  would  reduce  the  amount  of 
light  reaching  the  photocell/  which  would,  in  turn,  result  in  a  lower  output 
voltage  from  the  analog  amplifier).  Lens  transmissivity  was  measured  prior 
to  test  initiation  and  again  after  test  completion.  Measurements  after  test 
completion  were  made  before  and  after  cleaning  the  lens. 

Mew  changes  in  lens  transmissivity  (measured  in  terms  of  photocell 
resistance  changes)  for  the  control  optical  systems  and  those  exposed  in  the 
four  test  environments  are  summarized  in  table  3.  Positive  changes  in 
resistance  (ohms)  indicate  reduction  in  lens  transmissivity. 


Table  3.  Lens  Transmissivity:  Mean  Change  For  Total  Test  Period 
(1,000  ohms) 


Uncleaned  _ _ Cleaned 


(Mean) 

(SD) 

(No.) 

(Mean) 

(SD) 

(No.) 

Control 

28 

25 

15 

4 

9 

15 

USATTC  Jungle 

132 

73 

4 

5 

10 

3^/ 

USATTC  Open 

298 

142 

20 

5 

13 

20 

WSMR  Greenhouse 

975 

354 

123/ 

10 

15 

125/ 

wsmr  fungus  Chamber 

89 

52 

5 

20 

14 

5 

a/  Does  not  include  three  statistical  outliers  (SNs  4,  9  and  46). 

b/  Does  not  include  one  statistical  outlier  (5N  40). 

c/  Does  not  include  three  statist  ca;  outliers  (SNs  24,  32  and  41). 


Statistical  analysis  of  the  transmissivity  data  of  the  uncleaned  lenses 
was  performed  using  the  test  procedure  described  by  Natrella^  in  paragraph 
3-3. 1.2  of  Experimental  Statistics.  The  procedure  tests  the  hypothesis  of 
equality  of  means  between  two  populations.  Tests  were  performed  comparing 


^Natrella,  M.  G. ,  Experimental  Statistics,  National  Bureau  of  Standards  Hand¬ 
book  91,  August  1963. 
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the  mean  lens  transmissivity  of  each  environment  with  all  others.  A  signif¬ 
icance  level  of  5  percent  was  chosen  for  each  test.  The  results  of  the 
statistical  tests  indicated  that  (1)  the  mean  transmissivities  of  the  lenses 
from  the  tropic  open  exposure  and  greenhouse  environments  differed  from  those 
of  the  lenses  from  the  control  environment  and  from  the  other  exposure  envi¬ 
ronments,  (2)  the  mean  transmissivity  of  the  lenses  from  the  tropic  open 
exposure  environment  differed  from  that  of  the  lenses  from  the  greenhouse 
environment  and  (3)  there  were  no  significant  differences  among  the  mean 
transmissivities  of  the  lenses  from  the  control,  tropic  jungle  and  fungus 
chamber  environments. 

Three  lenses  from  the  greenhouse  environment  showed  a  significantly 
higher  (greater  than  3  standard  deviations)  reduction  in  transmisclvity  than 
that  demonstrated  by  the  other  lenses  from  the  greenhouse  environment.  The 
changes  in  lens  transmissivity  for  these  lenses  were  2.5,  4.5  and  5.8  meg¬ 
ohms.  However,  transmissivity  for  these  lenses  returned  to  preexposure 
values  after  they  were  cleaned.  In  general,  reduction  in  transmissivity  for 
all  lenses  was  due  to  surface  contamination  which  could  eaBily  be  removed. 
Analysis  of  the  samples  from  the  lens  surface  showed  them  to  be  corrosion 
products  from  the  box  containing  the  electronic  and  optical  systems.  No 
biological  activity  was  observed. 

For  the  cleaned  lenses,  a  one-way  analysis  of  variance  (ANOVA)  was  per¬ 
formed  on  the  transmissivity  data  to  test  the  hypothesis  that  the  five  means 
cf  the  transaaiosivity  data  (control  plus  four  exposure  environments)  were 
identical.  Tt-ble  4  presents  the  results  of  the  ANO^A. 


Table  4.  ANOVA  to  Test  the  Hypothesis  of  the  Equality  of  Mean  Lens 
Transmissivity  Among  the  Control  end  Exposure  Environments 


Source  of 

Degrees  of 

Sum  of 

Mean 

f-iriation 

Freedom 

Squares 

Squares 

F-Ratio 

Among  Treatments 

4 

1,170 

292.6 

1.86 

Within  Treatments 

50 

7,872 

157.4 

TOTAL 

54 

9,042 

Because  the  observed  F-ratio  of  1.80  is  less  than  the  95  percent  critical 
F-ratio  of  2.54,  the  hypothesis  of  identical  means  was  not  rejected  at  the 
5-percent  significance  level. 

The  above  ANOVA  did  not  include  transmissivity  data  of  three  lenses  from 
the  greenhouse  environment  and  one  from  the  tropic  jungle  environment. 
These  lenses  showed  a  significantly  higher  (greater  than  3  standard  devia¬ 
tions)  reduction  in  transmissivity  than  that  demonstrated  by  the  total  popu- 
'.^tion  of  cleaned  lenses.  The  changes  in  transmissivity  for  the  four  lenses 
are  232,  97  and  89  kilohas  for  the  greenhouse  lenses,  and  133  kilohms  for 
‘he  jungle  lens.  These  four  resistance  values  represent  the  following  per¬ 
cent  changes  of  the  intensity  of  visible  light  transmitted  through  the 
lensesi  38-,  20-,  19-  and  26-percent  reduction,  respectively. 
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A  second  measure  of  optical  system  performance  was  voltage  regulator 
output  under  several  input  voltages.  All  voltage  regulator  output  measure¬ 
ments  made  during  the  study  were  within  the  required  range  of  4.5  to  7.0 
volts.  No  meaningful  deviations  in  performance  were  noted  for  the  voltage 
regulators  exposed  at  the  various  test  environments.  There  was  only  one 
voltage  regulator  failure  which  occurred  during  the  21st  exposure  week  at 
the  tropic  open  exposure  site.  Because  the  failure  was  not  determined  to  be 
a  result  of  an  environmental  effect,  and  because  the  performance  of  the  volt¬ 
age  regulators  was  satisfactory  throughout  the  study,  the  failure  was 
considered  to  be  a  random  failure. 

The  remaining  measures  of  optical  system  performance,  namely  amplifier 
input  and  output  voltages,  were  not  used  to  compare  test  modes.  The  reason 
for  their  not  being  used  was  the  frequent  maintenance  performed  on  the  opti¬ 
cal  systems.  The  optical  system  was  basically  on  open-loop  system  subject 
to  drift  and  highly  sensitive  to  disturbances.  For  example,  in  the  presence 
of  water,  the  system's  operational  amplifier  would  frequently  be  driven  to 
saturation.  However,  when  allowed  to  dry  out,  the  system  normally  would 
recover.  Frequent  troubleshooting  was  performed,  not  only  to  investigate 
and  correct  these  system  peculiarities,  but  also  to  repair  system  failures. 
The  troubleshooting  involved  changes  to  system  parameters,  such  as  adjust¬ 
ments  of  variable  resistors  and  replacement  of  failed  components.  These 
changes  to  the  optical  systems  destroyed  the  base  for  comparison  of  perform¬ 
ance  with  other  units  over  the  12-month  exposure  period. 

Individual  amplifier  input  and  output  voltage  data  did  provide  essential 
information  for  isolating  component  failures  which  are  discussed  below. 

Optical  System  Failures.  All  optical  system  failures  are  tabulated  in 
tables  C-l  through  C-4  (Appendix  C) ,  and  data  for  failure  rate  calculations 
are  included  in  table  C-6.  All  failures  in  the  open  and  jungle  exposure 
sites  occurred  between  16  and  48  weeks  of  exposure.  The  initial  failure 
(that  of  an  operational  amplifier)  occurred  at  the  open  exposure  site  shortly 
after  the  start  of  the  rainy  season.  The  failures  in  the  tropical  greenhouse 
and  fungus  chamber  occurred  between  17  and  50  weeks  of  exposure.  Average 
failure  rates  for  the  optical  system  calculated  at  the  end  of  the  study  are 
presented  in  table  5 


Table  5.  Average  Failure  Rates 


Type  of  Exposure 


USATTC  Jungle 
USATTC  Open 
WSMR  Greenhouse 
WSMR  Fungus  Chamber 


Failure  Rate 
(failures/1,000 
exposure  hours) 

0.16 

0.03 

0.12 

0.09 


Because  the  cause  of  each  failure  occurrence  could  not  be  ascribed 
directly  to  evironraental  effects,  a  statistical  analysis  was  performed  to 
determine  if  the  observed  failures  could  be  considered  as  random  failures 
based  on  the  failure  data  of  the  devices  in  the  control  groups.  The 
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statistical  test  described  by  Hagan*  was  used  to  determine  if  the  occur - 
rences  of  system  failure  in  each  exposure  mode  were  significantly  greater 
than  those  of  the  control  groups.  The  variable  tested  was  the  number  of 
system  failures  per  attempted  operations.  Table  6  summarizes  the  data  that 
were  tested. 


Table  6.  Failures  Per  Attempted  Operations 


Exposure  Period 

Jungle 

Open 

Chamber 

Greenhouse 

Controls 

(days) 

0-110 

0/40 

0/160 

0/40 

0/120 

0/120 

110-240 

5/45 

4/180 

1/45 

6/135 

0/135 

240-365 

2/45 

2/180 

3/45 

10/135 

0/135 

The  analysis  indicated  that  all  exposure  modes  wer»  significantly  dif¬ 
ferent  from  the  control  mode  with  respect  to  the  occurrences  of  system 
failure.  In  each  case,  significant  occurrences  of  system  failure  were  appar- 
rent  during  the  last  8  months  of  exposure.  Further  analysis, 5  comparing 
failure  data  among  exposure  modes,  indicated  that  the  tropic  open  exposure 
mode  differed  from  the  greenhouse  and  jungle  exposure  modes — tha  greenhouse 
and  jungle  exposure  modes  having  a  significantly  greater  number  of  system 
failures  occurring  in  the  last  8  months  of  exposure.  There  were  no  signifi¬ 
cant  differences  in  the  occurrences  of  system  failures  among  the  remaining 
environments. 

Additional  analyses  were  performed  on  individual  component  failures 
occurring  at  tha  various  environments  to  determine  if  a  particular  component 
was  significantly  inclined  to  fail  in  a  specific  environment.  The  same  pro¬ 
cedure  used  to  analyze  system  failures  was  employed  in  the  analysis  of  LED 
and  operational  amplifier  failures.  The  analysis  was  performed  on  component 
failure  data  collected  from  the  16th  exposure  week  to  the  end  of  the  rtudy 
under  the  assumption  that  the  failure  rates  of  the  components  were  constant 
over  this  pericd.  The  results  of  the  statistical  tests  indicated  that  at  a 
significance  level  of  0.05,  (1)  the  occurrences  of  LED  failures  were  not 
significantly  different  among  the  exposure  environments  and  (2)  the  occur¬ 
rences  of  operational  amplifier  failures  at  the  tropic  open  exposure  site 
(only  one  failure  occurred)  was  significantly  less  than  those  occurring  at 
the  other  three  exposure  environments. 


*Hagan,  John  S.,  "Comparing  Binomial  Parameters  When  Sample  Sizes  are  Small," 
US  Army  Teat  and  Evaluation  Command,  Technical  Report  No.  AD-A  1-78,  August 
1978. 


^chi-square  tests  («  -  0.05)  were  performed  on  data  collected  from  exposure 
periods  extending  over  (1)  the  last  8  exposure  months,  (2)  the  last  4  expo¬ 
sure  months,  and  (.1)  over  the  middle  4  exposure  months.  Tests  were  per¬ 
formed  over  the  latter  two  exposure  periods  to  consider  in  the  analysis  a 
possible  increase  in  the  rate  of  failure  occurrences  with  exposure  time. 
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2.2.2  Digital  Electronic  System 


System  Performance.  The  counting  accuracy  of  the  digital  electronic 
system  was  a  "go/no-go"  measure  of  performance  and  will  be  discussed  below. 
The  light  output  of  the  two  seven-segment  LED  displays  was  a  second  measure 
of  performance.  Illuminance  of  the  LED  displays  was  measured  with  the  num¬ 
bers  “1"  and  "8"  displayed.  Measurements  were  made  using  a  photocell  and 
were  recorded  in  ohms.  For  each  display,  the  difference  in  the  measurements 
between  the  displayed  numbers,  "1"  and  M8M,  was  calculated.  These  calculated 
values  were  then  averaged  for  each  inspection  and  the  averages  versus  expo¬ 
sure  time  were  analyzed  using  linear  regression  techniques  to  determine  if 
significant  changes  occurred  during  the  exposure  period.  The  procedure  of 
talcing  differences  was  used  to  reduce  the  systematic  errors  present  in  the 
raw  data.  The  F-statistic  was  used  to  test  at  a  significance  level  of  0.05 
for  significant  trends  in  the  illuminance  data.  The  results  of  the  tests 
performed  for  each  test  environment  indicated  that  there  were  no  significant 
changes  in  the  illuminances  of  the  LED  displays  exposed  in  the  various  envi¬ 
ronments  during  the  study. 

Digital  Electronic  System  Failures.  Of  the  60  units  exposed  for  a  1-year 
period  in  the  various  exposure  modes,  only  one  system  failure  was  observed. 
This  failure  occurred  in  a  unit  exposed  in  the  WSMR  tropical  greenhouse. 
There  was  no  evidence  that  this  failure  was  environmentally  induced;  there¬ 
fore,  the  observed  failure  was  considered  a  random  failure.  The  counting 
accuracy  of  all  other  digital  electronic  systems  remained  unchanged  over  the 
1-year  exposure  period. 

2.2.3  PHM  System 

Sy s tem  Pe r f or mance .  System  performance  was  measured  in  terms  of  PHM 
piston  displacement  under  three  input  pressure  conditions;  piston  displace¬ 
ment  under  an  input  pressure  of  25  psig,  piston  displacement  under  an  input 
pressure  of  40  psig  and  piston  displacement  following  a  return  to  an  input 
pressure  of  25  psig  from  40  psig.  Percent  changes  from  best  estimates  of 
preexposure  displacement  values  were  calculated  for  each  measurement  of  pis¬ 
ton  displacement  which  was  made  during  the  study.  A  summary  of  the  perform¬ 
ance  data  for  the  control  and  exposure  environments  is  presented  in  table  7. 

The  performance  data  from  the  control  environments  were  statistically 
tested  to  determine  if  degradation  trends  were  present.  A  linear  model 
relating  performance  to  exposure  time  was  assumed.  Using  linear  regression 
techniques,  the  slope  of  the  regression  line  was  tested  to  determine  if  it 
differed  significantly  from  zero  at  a  significance  level  of  0.05.  The  sta¬ 
tistical  test  results  indicated  that  none  of  the  performance  parameters  of 
the  control  test  items  showed  any  significant  degradation  during  the  time 
frame  of  the  study. 

Figures  18,  19  and  20  present  curves  of  the  mean  percent  changes  in  the 
performance  parameters  versus  exposure  time  for  each  of  the  exposure  envi¬ 
ronments.  A  systematic  downward  trend  in  PHM  system  performance  is  evident 
for  all  four  environments.  The  major  changes  in  system  performance  for  all 
units  were  caused  by  corrosion  buildup  in  the  hydraulic  slave  cylinder. 
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Figure  19.  Pneumatic/Hydraulic/Mechanical  System  Performance  Data  (40  psig) . 
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The  distributions  of  performance  data  at  selected  points  in  time  are 
presented  in  tables  8,  9  and  10  to  illustrate  the  diverse  deterioration  pat¬ 
terns  that  are  indicated  by  the  standard  deviations  presented  in  table  7. 
The  performance  of  all  units  within  an  exposure  environment  did  not  deteri¬ 
orate  at  the  same  rate.  Some  units  deteriorated  rapidly  to  failure  while 
others  performed  well  or  showed  slower  rates  of  deterioration.  For  example, 
USATTC  Jungle  Unit  number  10  showed  significant  (greater  than  3  standard 
deviations)  performance  deterioration  after  92  exposure  days,  while  USATTC 
Jungle  Unit  number  6  showed  no  significant  (a  *  0.05)  performance  deteri¬ 
oration  after  245  exposure  days. 

To  determine  if  the  performance  data  from  the  different  exposure  envi¬ 
ronments  were  statistically  equivalent,  two-sided  (a  =  0.05)  Kolmogorov 
Smirnov  distribution-free  tests®  were  performed.  The  performance  parame¬ 
ters  that  were  analysed  were  the  percent  changes  of  PHM  piston  displacement 
under  the  various  input  pressures.  The  statistical  tests  were  performed  on 
the  distributions  of  the  performance  parameters  at  discrete  exposure  times 
approximately  1  month  apart.  The  results  of  the  tests  are  presented  in  table 
11.  No  significant  differences  between  the  performance  distributions  of  the 
jungle  exposure  site 'and  fungus  chamber  PHM  systems,  or  between  those  of  the 
jungle  exposure  site  and  greenhuuse  systems  were  indicated  by  the  test; 
therefore,  these  results  were  not  included  in  the  table. 

The  test  results  indicated  that  there  were  significant  differences 
between  the  distribution  of  the  performance  data  of  the  tropic  open  environ¬ 
ment  and  the  other  environments  over  a  portion  of  the  exposure  period.  A 
closer  examination  of  figures  18,  19  and  20  indicated  that  the  differences 
may  have  resulted  from  the  fact  that  the  onset  of  performance  deterioration 
in  the  systems  at  the  open  exposure  site  was  lagging  behind  that  of  the  other 
environments.  An  estimate  for  this  lag  is  45  days.  (The  estimate  was 
obtained  simply  by  shifting  the  performance  datJh  curves  for  the  open  exposure 
site  to  the  left  on  figures  18,  19  and  20.)  A  partial  explanation  for  the 
lag  might  be  the  lack  of  rain  occurring  during  the  first  30  days  of  exposure 
at  the  open  exposure  site.  A  total  of  0.4  centimeters  (0.16  in)  of  rain  was 
recorded  during  this  time  period  at  the  open  exposure  site. 

Significant  differences  in  system  performance  for  one  of  the  input  pres¬ 
sures  (25  psig  return)  were  also  detected  between  the  systems  of  the  green¬ 
house  and  fungus  chamber  environments  at  97  exposure  days.  This  difference 
was  a  result  of  the  rapid  deterioration  in  performance  of  8  of  the  20  PHM 
systems  in  the  greenhouse  environment. 

To  quantitatively  present  the  degree  of  association  among  the  test  envi¬ 
ronments  with  respect  to  the  performance  curves  in  figures  18  through  20, 
correlation  coefficients  were  calculated.  The  average  percent  change  in 
piston  displacement  for  each  WSMR  inspection  was  used  as  the  basis  for  com¬ 
paring  USATTC  results.  The  USATTC  data  were  interpolated  to  conform  to  WSMR 
lengths  of  exposure.  The  paired  data  for  each  WSMR  inspection  day  were  used 
to  calculate  correlation  coefficients  for  all  pairs  of  USATTC  and  WSMR  data. 
Tables  12,  13  and  14  present  the  correlation  coefficients  for  each  of  the 
performance  parameters. 


^Hollander,  Myles  and  Douglas  A.  Wolfe,  Nonparametr ic  Statistical  Methods, 
pp.  219-221,  John  Wiley  and  Sens,  New  York,  1973. 
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Table  8.  Distributions  of  Percent  Changes  in  Piston  Displacement 
for  PHM  Systems  at  25  psig  Input  Pressure 


USATTC  Jungle  Exposure 

Exposure  Time 

Site 

USATTC  Open  Exposure  Site 

Exposure  Time 

2  mo.  4  mo.  6  mo. 

8  mo. 

2  mo.  4  mo.  6  mo.  8  mo. 

100-80% 

5 

5 

1 

1 

19 

19 

15 

4 

80-60% 

- 

- 

1 

- 

1 

1 

1 

1 

60-40% 

- 

- 

- 

1 

- 

- 

- 

5 

40-20% 

- 

- 

- 

- 

- 

- 

1 

- 

20-  0% 

- 

- 

3 

3 

- 

- 

3 

10 

WSMR  Fungus  Chamber 

Exposure  Time 

WSMR  Greenhouse 

Exposure  Time 

2  mo. 

4  mo. 

6  mo. 

8  mo. 

2  mo. 

4  mo. 

6  mo. 

8  mo. 

100-80% 

5 

4 

4 

— 

20 

13 

12 

4 

80-60% 

- 

1 

1 

3 

- 

4 

4 

4 

60-40% 

- 

- 

- 

2 

- 

2 

2 

2 

40-20% 

- 

- 

- 

- 

- 

- 

1 

- 

20-  0% 

- 

- 

- 

- 

- 

1 

1 

10 

Table  9.  Distributions  of  Percent  Changes  in  Piston  Displacement 
for  PHM  Systems  at  40  psig  Input  Pressure 

USATTC  Jungle  Exposure  Site  USATTC  Open  Exposure  Site 


Exposure  Time 

Exposure  Time 

2  mo. 

4  mo.  6  mo. 

8  mo. 

2  mo. 

4  mo.  6  mo. 

8  mo. 

100-80% 

5 

4 

1 

1 

20 

20 

17 

5 

80-60% 

- 

1 

2 

- 

- 

- 

- 

6 

60-40% 

- 

- 

1 

1 

- 

- 

1 

1 

40-20% 

- 

- 

1 

- 

- 

- 

- 

1 

20-  0% 

- 

- 

- 

3 

- 

- 

2 

7 

WSMR  Fungus  Chamber 

WSMR  Greenhouse 

Exposure  Time 

Exposure  Time 

2  mo.  4  mo.  6  mo.  8  mo. 

2  mo.  4  mo.  6  mo.  8  mo. 

100-80% 

5 

5 

3 

- 

20 

14 

11 

2 

80-60% 

- 

- 

2 

2 

- 

4 

5 

6 

60-40% 

- 

- 

- 

3 

- 

1 

3 

2 

40-20% 

- 

- 

- 

- 

- 

1 

1 

4 

20-  0% 

- 

- 

- 

- 

- 

- 

- 

6 
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Table  10.  Distributions  of  Percent  Changes  in  Piston  Displacement 
for  PHM  Systems  at  25  psig  Return  Input  Pressure 

USATTC  Jungle  Exposure  Site  USATTC  Open  Exposure  Site 


Exposure  Time 

Exposure  Time 

2  mo. 

4  mo.  6  mo. 

8  mo. 

2  mo. 

4  mo.  6  mo.  8  mo. 

100-80% 

5 

2 

1 

1 

19 

14 

6 

- 

80-60% 

- 

1 

- 

- 

1 

5 

8 

2 

60-40% 

- 

1 

- 

- 

- 

1 

2 

3 

40-20% 

- 

1 

1 

- 

- 

1 

1 

20-  0% 

- 

- 

3 

4 

- 

3 

14 

WSMR  Fungus 

Chamber 

WSMR  Greenhouse 

Exposure 

Time 

Exposure  Time 

2  mo 

.  4  mo. 

6  mo.  8 

mo. 

2  mo. 

4  mo. 

6  mo. 

8  mo. 

100-80% 

5 

2 

_ 

2 

16 

6 

1 

2 

80-60% 

- 

- 

1 

- 

4 

5 

3 

2 

60-40% 

- 

2 

2 

- 

- 

2 

3 

1 

40-20% 

- 

1 

- 

- 

- 

1 

3 

- 

20-  0% 

- 

- 

2 

3 

- 

6 

10 

15 

Table  11.  Results  of  Statistical  Comparisons  of  Performance  Distributions 
at  Discrete  Times  Among  Study  Environments 

Jungle  Versus  Open 

_ Exposure  Days _ 

92  120  156  188  203  231  245 


2/  2/  2/ 

2/  -  2/  »/ 


Chamber  Versus  Greenhouse 

_ Exposure  Days _ 

Input  Pressure  97  124  152  181  209  238 

25  psig  (initial)  ------ 

40  psig  ------ 

25  psig  (return)  a/ 


Input  Pressure 

25  psig  (initial) 
40  psig 

25  psig  (return) 


a/  Distributions  of  performance  data  are  significantly  different  at  the  0.05 
level 
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Table  11  (cont) 


Open  Versus  Chamber 


Exposure  Days  (USATTC-WSMR) 


Input  Pressure 

92- 

97 

120- 

124 

156- 

152 

188- 

181 

203- 

209 

231- 

238 

245- 

238 

25  psig  (initial) 

_ 

y 

— 

_ 

40  psig 

- 

- 

y 

- 

y 

- 

- 

25  psig  (return) 

- 

- 

y 

“ 

y 

- 

- 

Open  Versus  Greenhouse 


Exposure  Days  (USATTC-WSMR) 


Input  Pressure 

92- 

97 

120- 

124 

156- 

152 

188- 

181 

203- 

209 

231- 

238 

245- 

238 

25  psig  (initial) 

y 

y 

y 

40  psig 

y 

- 

y 

y 

y 

5/ 

- 

25  psig  (return) 

y 

y 

y 

y 

y 

- 

- 

a/  Distributions  of  performance  data  are  significantly  different  at  the  0.05 
level 


Table  12.  Correlation  Coefficients  for  PHM  System  Performance  Data 
at  25  psig  Input  Pressure 


WSMR  Greenhouse 
USATTC  Open 
USATTC  Jungle 


WSMR 

Fungus  Chamber 

0.87 

0.79 

0.78 


USATTC  Jungle 
Exposure  Site 

0.91 

0.88 


USATTC  Open 
Exposure  Site 

0.89 


Table  13.  Correlation  Coefficients  for  PHM  System  Performance  Data 
at  40  psig  Input  Pressure 


WSMR  Greenhouse 
USATTC  Open 
USATTC  Jungle 


WSMR 

Fungus  Chamber 

0.96 

0.85 

0.91 


USATTC  Jungle 
Exposure  Site 

0.96 

0.95 


USATTC  Open 
Exposure  Site 

0.93 
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Table  14.  Correlation  Coeffici  tts  for  PHM  System  Performance  Data 
at  25  paig  Return  Input  Pressure 


WSMK  Greenhouse 
USATTC  Open 
USATTC  Jungle 


WSMR 

Fungus  Chamber 

0.92 

0.76 

0.90 


USATTC  Jungle 
Exposure  Site 

0.93 

0.90 


USATTC  Open 
Exposure  Site 

0.80 


PHM  System  Failures.  All  PHM  system  failures  are  tabulated  in  table  C-5 
(Appendix  C)  and  data  for  failure  rate  calculations  are  included  in  table 
C-7.  Average  failure  rates  were  0.068,  0.060  and  0.053  failures  per  1,000 
exposure  hours  for  the  jungle  and  open  exposure  sites  and  the  tropical  green¬ 
house,  respectively.  The  fungus  chamber  had  no  system  failures.  Initial 
failures  occurred  at  27,  23  and  33  exposure  weeks  in  the  open  exposure  site, 
tropical  greenhouse  and  jungle  exposure  site,  respectively. 

The  PHM  system  failure  data  were  statistically  tested  assuming  that  the 
number  of  failures  occurring  after  34  weeks  of  exposure  is  distributed  bino- 
raially,  with  parameter  "p"  being  equal  to  one  minus  the  probability  of  sur¬ 
vival.  Table  15  presents  the  data  that  were  analysed  using  the  Chi-square 
statistic  to  test  equality  of  the  probability  of  survival  after  34  exposure 
weeks  in  the  various  environments. 


Table  15.  PHM  System  Failure  Data  after  34  Weeks  o £  Environmental  Exposure 


Exposure  Site 

Number 
of  Failures 

Number  of 
Systems  Exposed 

USATTC  Jungle 

2 

5 

USATTC  Open 

5,  6  or  7a/ 

20 

WSMR  Greenhouse 

6 

20 

WSMR  Fungus  Chamber 

0 

5 

a/  Because  failure  data  were  collected  by  USATTC  at  33  and  35  exposure  weeks, 
three  statistical  tests  were  performed  to  consider  all  possible  numbers  of 
failures  that  may  have  occurred  at  the  open  exposure  ait*  after  34  weeks  of 
exposure. 


The  test  results  indicate  that  there  were  no  significant  differences  in 
the  numbers  of  failures  occurring  at  the  various  exposure  sites  after  34 
exposure  weeks. 

2.3  ANALYSIS  AND  DISCUSSION 

2.3.1  Chamber  and  Natural  Environment  Correlations 

For  chamber  results  to  be  useful  in  predicting  test  item  performance  in 
the  field,  the  following  criteria  must  be  met: 
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The  chamber  must  produce  materiel  effects  similar  to 
those  that  occur  in  natural  exposure. 

There  must  be  a  consistent  relationship  between  degra¬ 
dation  rate?  in  the  chamber  and  those  in  the  field,  e.g., 

"x"  days  in  the  chamber  must  be  equivalent  to  "y"  days  in  a 
particular  tropic  field  exposure. 

The  ability  cf  the  chambers  tested  to  meet  the  first  criterion  was  eval¬ 
uated  by  comparing  those  areas  where  results  agreed  and  those  where  they 
disagreed  in  terms  of  materiel  effects. 

Results  from  the  two  chambers  agreed  with  the  field  results  in  the  fol¬ 
lowing  respects: 

The  digital  electronic  system  was  most  insensitive  to 
degradation  in  all  test  environments. 

The  optical  and  PHM  systems  were  sensitive  to  deg¬ 
radation  in  all  exposures. 

In  all  four  test  environments  certain  components  were 
most  likely  to  fail,  such  as  the  operational  amplifier  in 
the  optical  system  and  the  hydraulic  slave  cylinder  in  the 
PHM  system. 

In  all  four  environments  there  was  a  systematic  down¬ 
ward  trend  in  PHM  system  performance. 

Chamber  results  disagree  with  field  results  in  the  following  respects: 

Operational  amplifier  failures  at  the  tropic  open  expo¬ 
sure  site  were  significantly  fewer  than  these  at  the  tropi- 
ical  greenhouse  and  fungus  chamber  exposures. 

A  major  problem  in  the  greenhouse  was  fogging  cf  the 
lenses  by  accumulated  corrosion  products.  Lens  fogging  was 
less  severe  in  the  other  environments. 

The  ability  of  the  chambers  tested  to  meet  the  second  criterion  was  eval¬ 
uated  by  comparing  performance  degradation  and  failure  rates  in  the  four  test 
environments: 

The  correlation  of  chambers  and  field  results  for  the 
PHM  system  was  fairly  good.  Curves  of  system  performance 
versus  exposure  time  for  the  PHM  system  in  the  four  environ¬ 
ments  have  similar  shapes,  and  the  occurrence  of  system 
failures  was  not  significantly  different  among  the  expo¬ 
sures. 

For  the  optical  system,  frequency  of  occurrence  of 
operational  amplifier  failures  in  the  chamber  environment 
was  significantly  different  from  that  in  the  tropic  open 
exposure  site,  but  was  not  significantly  different  from  that 


in  the  tropic  jungle  site.  Significant  reduction  in  lens 
transmissivity  during  exposure  was  observed  at  the  green¬ 
house  and  tropic  open  exposure  sites,  but  there  was  no  sig¬ 
nificant  transmissivity  reduction  at  the  fungus  chamber  and 
tropic  jungle  exposure  sites.  These  test  results  indicate 
that  further  refinements  to  the  chamber  methodologies  are 
required  to  provide  a  more  consistent  relationship  between 
performance  and  reliability  degradation  results  in  a  chamber 
environment  with  those  in  a  particular  tropic  field  exposure 
environment.  Because  different  exposure  modes  in  the  humid 
tropics  may  elicit  different  performance  responses  from 
materiel  items  (as  indicated  by  the  above  results),  varia¬ 
tions  to  chamber  methodologies  may  be  required  to  simulate 
the  various  different  humid  tropic  exposure  modes. 

An  analysis  of  optical  and  PHM  system  failure  occur¬ 
rences  and  of  PHM  system  performance  showed  that  no  mean¬ 
ingful  acceleration  of  degradation  occurred  in  the  tropical 
greenhouse  or  fungus  chamber.  The  exposure  tests  utilizing 
these  chamber  methodologies  required  exposure  periods  com¬ 
parable  to  tropic  jungle  exposure  periods  to  produce 
significant  deterioration  in  test  item  performance  and 
reliability. 


SECTION  3.  APPENDIXES 


APPENDIX  A.  METHODOLOGY  INVESTIGATION  DIRECTIVE  AND  PROPOSAL 


(COPY) 

DEPARTMENT  OF  THE  ARMY 

HEADQUARTERS,  US  ARMY  TEST  AND  EVALUATION  COMMAND 
ABERDEEN  PROVING  GROUND,  MARYLAND  21005 


AMSTE-ME  14  August  1975 

SUBJECT:  Directive,  Chamber  vs  Environmental  Deterioration  Tests,  TRMS 
No.  7-CO-RD6-TT1-001 


Commander 

US  Army  Tropic  Test  Center 
ATTN:  STETC-PD-M 
Drawer  942 
Fort  Clayton,  CZ 


1.  Reference  TECOM  Regulation  70-12,  dated  1  June  1973. 

2.  This  letter  and  attached  STE  Forms  1188  and  1189  (Incl  1)  constitute  a 
directive  for  the  subject  investigation  under  the  TECOM  Methodology  Improve¬ 
ment  Program  1U765702D625. 

3.  The  Methodology  Investigation  Proposal  at  Inclosure  2  and  the  additional 
guidance  provided  at  Inclcsure  3  are  the  basis  for  headquarters  approval  of 
the  subject  investigation.  Any  deviation  from  the  approved  scope,  proce¬ 
dures,  and  authorised  cost  will  require  approval  from  this  headquarters  prior 
to  execution. 

4.  Special  Instructions: 

a.  All  reporting  will  be  in  consonance  with  paragraph  9  of  the  refer¬ 
ence.  The  final  report,  when  applicable,  will  be  submitted  to  this  head¬ 
quarters,  ATTN:  AMETE-ME,  in  consonance  with  Test  Event  52,  STE  Form  1189. 

b.  Recommendations  cf  new  TOPs  or  revisions  to  existing  TOPS  will  be 
.included  as  part  of  the  recommendation  section  of  the  final  report.  Final 
decision  on  the  scope  of  the  TOP  effort  will  be  made  by  this  headquarters  as 
part  of  the  report  approval  pr^ 

e.  The  utilization  of  the  r.nids  provided  to  support  the  final  investiga¬ 
tion  is  governed  by  the  rules  of  incremental  funding. 
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AMSTE-ME  14  August  1975 

SUBJECT:  Directive,  Chamber  vs  Environmental  Deterioration  Tests,  TRMS 
No.  7-CO-RD6-TT1-001 

d.  The  addressee  will  determine  whether  any  classified  information  is 
involved  and  will  assure  that  proper  security  measures  are  taken  when  appro¬ 
priate. 

e.  Under  the  new  approved  management  concept  for  the  methodology  pro¬ 
gram,  responsibilities  will  be  delegated  as  follows: 

(1)  The  Methodology  Improvement  Directorate  will  be  responsible  for 
management  of  the  methodology  programs  to  include:  administration,  funding, 
development,  justification  and  documentation  of  the  programs,  and  all  coordi¬ 
nation  not  specifically  designated  to  other  organizations  and/or  individuals. 

(2)  The  headquarters  technical  responsibilities,  which  include  planning, 
executing  and  controlling  of  specific  methodology  investigations,  will  be 
assigned  to  the  most  qualified  individuals  within  TECOM  using  the  technical 
sponsor  concept.  Although  the  technical  sponsor  concept  has  been  approved, 
the  details  of  implementation  have  not  been  finalized  as  yet.  You  will  be 
provided  with  the  implementation  plan  when  it  becomes  available. 

FOR  THE  COMMANDER: 


3  Incl 
as 


/s/ 

SIDNEY  WISE 

Dir,  Methodology  Improvement 


August  1974 


1.  TITLE:  Chamber  vs  Environmental  Deterioration  Tests 

2.  INSTALLATION:  US  Array  Tropic  Test  Center 

P.O.  Drawer  942 

Fort  Clayton,  Canal  Zone 

US  Army  Materiel  Test  and  Evaluation 
White  Sands  Missile  Range,  NM  88002 

3.  PRINCIPAL  INVESTIGATORS:  G.  F.  Downs 

Analysis  Division 
STETC-AD 

AUTOVON  313-285-4170 

0.  H.  Calderon 
STEWS-TE-AE 
AUTOVON  258-4515 

4.  BACKGROUND .  US  Army  Tropic  Test  Center  (USATTC)  in  prior  test  methodol¬ 
ogy  efforts  has  recognised  the  paucity  of  knowledge  on  the  quantitative  and 
qualitative  effects  of  environmental  parameters  of  materiel  deterioration. 
The  test  methodology  efforts  of  the  Data  Base  Tropic  Research  for  Studies  in 
Humid  Tropics,  TECOM  Project  No.  Q-CO-059-000-0Q1,  provided  the  first  defin¬ 
itive  information  on  tropic  environments.  Although  the  finite  definition  of 
complex  total  environment  requires  decades,  this  work  establishes  a  starting 
point,  for  only  a  few  limited  parameter  studies  had  been  conducted  in  tropic 
environments.  The  gross  difference  in  measurement  techniques  and  environ¬ 
ment.-;  1  types  made  comparisons  of  these  studies  in  many  cases  impossible. 
The  Determination  of  Optimum  Tropic  Storage  and  Exposure  Sites,  Phase  I  and 
II,  TECOM  Project  No.’s  9-CO-0Q9-0G0-006  and  9-CO-009-Q00-005 ,  respectively, 
demonstrated  the  statistical  continuity  between  exposure  modes,  e.g„,  open 
sites  versus  forest  sites.  Past  material  exposure  studies  allowed  for  static 
evaluation  only  of  materiel  deterioration,  i.e.,  tensile  strength,  microbial 
coverage,  etc.  Exposure/Per formance  tests  of  Selected  Mater iels,  TECOM  Pro¬ 
ject  No.  9-CO-009-Q0Q-016 ,  demonstrated  the  benefits  of  dynamic  performance 
tests  of  weathered  materiel,  i.e.,  timers  and  .radios,  in  addition  to  static 
evaluation.  Laboratory  versus  Field  tests:  A  limited  survey  of  Mater iels 
Deterioration  Studies,  TECOM  Project  No.  9-CO-009-000-021,  provided  a  liter¬ 
ature  review  of  previous  correlation  attempts.  This  background  review 
revealed  a  general  lack  of  success  in  duplicating  tropical  effects  in  cham¬ 
bers  and  laboratories. 

ARMTE  test  methodology  studies  have  been  conducted  to  critically  evaluate 
the  shortcomings  of  the  present  chamber  test,  MIL-STD-810B,  Method  508,  Fun¬ 
gus  Test.  Various  changes  have  been  proposed  in  revising  this  chamber  test 
and  the  technical  data  required  for  these  changes  are  summarized  in  two  final 
reports:  Microbial  Assimilation  and  Metabolic  Waste  Formation  During  Biode¬ 
gradation,  RDTE  Project  1E665702D625 ,  TECOM  Project  No.  9-CO-OO5-OOO-037. 
Three  papers  were  also  published  in  Developments  for  Industrial  Microbiology, 
dealing  with  biodeterioration  of  missile  components  in  a  field  environment 
and  associated  microorganisms  found  in  the  soil  and  air  of  a  tropical  envi¬ 
ronment. 
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The  technical  advance  of  material  deterioration  knowledge  through  field 
studies  by  USATTC  and  chamber  studies  by  ARMTE  require  a  joint  effort  to 
determine  the  feasibility  of  limited  parameter  simulation  of  complex  natural 
environments. 

5.  STATEMENT  OF  THE  PROBLEM.  Data  collected  to  date  have  progressed  to  the 
point  that  correlations  of  controlled  environmental  testing  and  natural 
environmental  tests  are  warranted. 

6.  GOAL. 

a.  The  investigation  will  result  in  establishing  valid  correlations 
between  exposure  tests  in  tropic  and  controlled  environmental  tests.  The 
results  of  this  investigation  will  be  incorporated  into  a  new  TOP  on  Tropic 
Environmental  Simulation,  assuming  valid  correlations  are  found. 

b.  This  investigation  will  lead  to  a  simple,  inexpensive  simulation  of 
a  multivariate  tropic  environment. 

c.  The  second  year  effort  will  primarily  consist  of  verifying  the 
initial  correlation  findings  and  attempts  to  accelerate  environmental  dete¬ 
rioration  effects  on  materiel. 

7.  DESCRIPTION  OF  INVESTIGATION. 

a.  A  joint  effort  between  USATTC  and  ARMTE  will  be  initiated  to 
determine  deterioration  modes  induced  in  natural  and  simulated  tropic 
environments. 

b.  Both  USATTC  and  ARMTE  Wills 

(1)  Establish  a  successful  correlation  between  a  natural  and  simulated 
tropic  environment. 

(a)  Temperature,  rainfall,  humidity,  radiation  (UV,  visible,  IR,  total 
radiation),  salt  fallout,  condensation  and  ambient  chemicals,  e.g.,  ozone, 
dust,  organic  and  inorganic  particles,  will  be  monitored. 

(b)  An  effort  will  be  made  to  monitor  other  natural  and  man-made 
pollutants. 

(c)  The  greenhouse  environment  will  be  maintained  to  simulate,  as  close 
as  possible,  those  factors  found  in  a  natural  environment.  With  exception 
of  rain,  the  following  parameters  will  be  reproduced:  soil,  simple  flora 
and  fauna,  natural  volatile  organics,  saltfall,  humidity,  temperature,  air 
movement  and  radiation. 

(2)  Incorporate  dynamic  tests  of  materiel  with  qualitative  and  quanti¬ 
tative  materiel  performance  measures,  e.g.,  electrical  power  input  and 
output,  go-no-go  criteria,  use  of  pressure  and  thermal  transducers,  spectro- 
photometric  measurements  for  optical  equipment  and  raicrocalorimetry  and 
macrocalor imetry. 
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(3)  Choose  test  items  that  will  be  inexpensive  yet  sophisticated — 
exemplifying  electrical,  mechanical,  hydraulic  and  optical  materiel  modes. 

(4)  Provide  knowledge  leading  to  the  construction  of  chambers  more 
closely  simulating  the  natural  environment. 

(5)  Observe  and  compare  the  test  microorganisms  employed  in  controlled 
environmental  testing  to  those  microorganisms  associated  with  a  natural 
environment. 

8.  JUSTIFICATION  < 

a.  Association  with  mission. 

(1)  Both  USATTC  and  ARMTE  have  the  responsibility  to  plan,  conduct  and 
report  on  environmental  phases  of  materiel  test. 

(2)  Plan  and  perform  scientific  investigations  leading  to  the  improve¬ 
ment  of  current  test  methodology. 

b.  Present  capability,  limitation,  improvement  and  impact  of  test  if 
not  approved. 

(1)  Present  Capability. 

(a)  Well  equipped  laboratories  at  USATTC  and  ARMTE  are  available  and 
staffed  with  professional  personnel  in  the  biological,  chemical,  metallurgi¬ 
cal  and  electrical  engineering  disciplines.  Reference  Instrumentation  Master 
Plan  for  USATTC  and  ARMTE. 

(b)  An  environmental  test  chamber  at  WSMR,  16  feet  high  by  22  feet  wide 
by  30  feet  long,  to  be  used  for  fungus  testing,  is  under  construction  and 
will  be  available  July  1974.  This  chamber  will  have  the  capability  to  cycle 
humidity  and  temperature  representing  any  tropical  environment  in  the  world. 

(2)  Limitations. 

(a)  The  controlled  greenhouse  facility  at  WSMR  is  not  large  enough  to 
effectively  perform  the  proposed  TMD  study. 

(b)  Instrumentation  to  monitor  certain  natural  and  man-made  pollutants 
is  not  available. 

(3)  Improvements .  This  investigation  will  establish  how  a  controlled 
environmental  test  relates  to  a  tropic  test.  These  comparisons  will  empha¬ 
size  the  scope  and  limitations  of  controlled  environmental  testing.  This 
information  will  allow  test  personnel  to  employ  the  controlled  environmental 
data  to  estimate  the  deterioration  of  similar  equipment  exposed  to  tropic 
environments. 

(4)  Impact.  In  terms  of  most  of  the  significant  dimensions  of  the 
military  materiel  acquisition  cycle — time,  cost,  convenience  and  precision — 
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chamber  tests  are  highly  preferable  to  natural  field  tropic  tests.  In  terms 
of  risk,  laboratory  and  chamber  test  technology  is  not  sufficiently  advanced 
or  predictive  to  replace  natural  tests  in  the  field.  A  successful  conclusion 
to  this  study  would  represent  a  major  technological  breakthrough  and  result 
in  substantial  dollar  savings  if  tropic  surveillance  testing  could  be  per¬ 
formed  in  CONU£ .  An  indication  of  the  magnitude  of  the  surveillance  test 
effort  is  that  USATTC  presently  has  25,950  pounds  of  bulk  chemicals  and 
explosives,  1,095  missiles  and  rockets,  44,060  rounds  of  ammunition,  189 
demolition  charges,  5,170  feet  detonation  cord,  240  mortars,  976  grenades 
(CS  and  Smoke)  and  20  naval  weapons. 

c.  Dollar  Savings.  Not  predictable,  but  would  represent  considerable 
savings  to  Department  of  the  Army  (DA)  if  tropic  surveillance  testing  could 
be  reliably  and  inexpensively  performed  in  CONUS  on  an  accelerated  basis. 

d.  Workload. 

(1)  Over  the  past  5  years  USATTC  has  experienced  35  tropic  e:oosure 
tests  of  Array  materiel.  The  anticipated  future  workload  will  be  approxi¬ 
mately  seven  tests  per  year.  Examples  of  items  for  testing  are: 


FY 

75 

76 

' - 

' 

" 

Stinger  ADS 

Night-Vision  Sight/Crew  Served  Weapons 

DTI  I 

DTI  I 

(2)  Over  the  past  6  years,  the  Climatic  Branch  (WSMR)  has  performed  105 
MIL-STD-810B,  Method  508,  fungus  resistance  tests.  The  anticipated  future 
workload  will  require  approximately  18  fungus  tests  per  year.  Examples  of 
items  anticipated  for  testing  are: 


FY 

76 

77 

78 

AN/TSQ-73 

DTIII 

Stinger 

DTI  I 

DTII 

DTIII 

SAM-D 

DTII 

DTII 

e.  Association  with  Requirements  Documents. 

(1)  MIL-STD-810B,  Environmental  Test  Methods,  15  June  1967. 

(2)  MTP-5-2-584,  Microbial  Resistance  Tests,  WSMR,  6  June  1968. 

(3)  AR  70-38,  Research,  Development,  Test  and  Evaluation  of  Materiel 
for  Extreme  Climatic  Conditions,  1  July  1969. 

f.  Others.  NA 
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9.  RESOURCES. 

a.  Financial. 


Personnel  Compensation 
Travel 

Contractual  Support 
Consultant  and  Other  Services 
Materials  and  Supplies 
Equipment 
G&A  Cost 

Subtotals 
FY  Totals 


Dollars  (Thousands) 
FY76 


In- 

-House 

Out-of-House 

ARMTE 

USATTC 

ARMTE  USATTC 

24.0 

13.8 

o 

• 

CD 

1.0 

33.5  7.0 

O 

• 

o 

0.0 

0.5 

0.5 

1.0 

1.0 

13.8 

26.3 

30.1 

33.5  7.0 

59.8 

37.1 

ARMTE 

USATTC 

b.  Explanation  of  Cost  Categories. 

(1)  Personnel  Compensation.  This  represents  compensation  chargeable  to 
the  investigation  for  utilizing  technical  or  other  civilian  personnel 
assigned  to  the  investigation. 

(2)  Travel.  NA 

(3)  Contractural  Support.  USATTC  contract  personnel  will  be  used  during 
the  field  exposure  phase,  for  emplacement,  collection  and  processing  of 
exposed  samples.  The  reduction  and  evaluation  of  data  collected  will  be 
accomplished  entirely  by  the  Test  Analysis  Branch  professional  personnel. 
Because  of  the  limited  number  of  personnel  in  ARMTE  and  the  fluctuating  work¬ 
load,  graduate  students  at  New  Mexico  State  University  and/or  the  University 
of  Texas  at  El  Paso  will  be  contracted  to  assist  in  this  investigation  by 
performing  detailed,  time-consuming  laboratory  analysis.  Cost  and  time 
schedules  are  summarized  in  paragraphs  9a  and  10,  respectively. 

(4)  Consultants  or  Other  Services.  NA 

(5)  Materials  and  Supplies.  NA 
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(6)  Equipment.  NA 

(7)  G&A  Cost.  USATTC;  Host  Tenant  Support,  ARMTE?  None 


c.  Obliqation  Plan. 

F2 

1 

2 

3  4 

Total 

Obligation  Rate 
(Thousands) 

USATTC 

11.5 

18.5 

3.9  3.4 

37.1 

ARMTE 

7.8 

39.5 

6.5  6.0 

59.8 

d.  In-House  Personnel. 

Man-Hours 

USATTC 

Number 

FY76 

Total 

Required 

Available 

Required 

Biologist  GS-0401 

575 

575 

575 

Electronics  Eng  GS-0855 

235 

235 

235 

Chemist  GS-1320 

170 

170 

170 

Materials  Eng  GS-0806 

170 

1,150 

170 

1,150 

170 

1,150 

Man-Hours 

ARMTE 

Number 

FY76 

Total 

Required 

Available 

Required 

Mrcrobiologist  GS-0403 

575 

575 

575 

Elec  Engineer  GS-0855 

520 

520 

520 

Mechanic  GS-0802 

885 

1,980 

885 

1,980 

885 

1,980 

Chamber  vs  Environmental  Deterioration  Tests  (cont) 


10.  INVESTIGATION  SCHEDULE. 


_ FY76 _ 

USATTC  JASOND.irFMAMJ 

In-House  - R 


Contract  XXXXXXXXXXXX 

Symbols:  -  Active  investigation  work  (all  categories) 

XXX  Contract  monitoring  (in-house  only) 

A  Award  o£  Contract 
R  Final  Report  due  to  HQ,  TECOM 


_ FY76 _ 

ARMTE  J  ASONDJ  FMAMJ 

In-House  - 1 - R 

Contract  XXXXXXXXXXXX 

Symbols:  -  Active  investigation  work  (all  categories) 


XXX  contract  monitoring  (in-house  only) 
A  Award  of  Contract 


R  Final  report  due  to  HQ,  TECOM 

11*  ASSOCIATION  WITH  TOP  PROGRAM.  The  results  of  this  investigation,  if 
definitive,  will  be  incorporated  into  a  TOP  on  Tropic  Environmental  simula¬ 
tion.  Material  Test  Procedure  5-2-584,  Microbial  Resistance  Test  will  be 
revised  as  appropriate.  Recommendations  will  be  made  to  update  MIL-STD-810B, 
Method  508,  Procedure  I. 


(END  COPY) 


APPENDIX  B.  DATA  COLLECTION  PROCEDURES 


OPTICAL  AND  DIGITAL  ELECTRONIC  SYSTEMS 


The  following  text  provides  detailed  instructions  for  evaluating  performance 
of  exposed  test  articles.  All  data  will  be  recorded  on  the  attached  form. 

1.  Connect  laboratory  power  supplies  observing  proper  polarities  and  volt¬ 
ages.  System  is  common  ground.  Wiring  on  the  tester  is  labeled. 

2.  Set  unit  to  be  tested  on  stand  to  keep  three  screws  on  bottom  box  from 
touching  work  table. 

3.  Securely  connect  six-conductor  mating  plug  to  receptacle. 

4.  Open  box  cover  and  connect  test  lead  of  tester  (red  insulation)  to  TPl 
on  circuit  board. 

5.  Apply  20  VDC  ±  .02v  with  the  unregulated  power  supply  monitoring  volt¬ 
age  at  test  point  "UN-REG- IN . " 

6.  Record  test  item  regulace  voltage  at  test  point  TPl. 

7.  Decrease  unregulated  voltage  to  15  VDC  ±  .  02v,  and  record  regulated 

voltage. 

8.  Next,  reduce  voltage  to  12  VDC  ±  ,02v,  and  record. 

9.  Then  to  7.5  VDC,  ±  .02v,  and  record. 

10.  Set  frequency  range  switch  to  position  A,  adjust  frequency  to  100  hertz 
±  5  hertz.  Monitor  frequency  with  counter  connected  to  "FREQ"  on  tester. 

a.  Clear  both  counters  with  reset  buttons  on  tester  and  test  article. 

b.  Push  count  button — record  data  displayed  on  both  units. 

c.  Reset  both  units  and  again  count. 

d.  Repeat  a  through  c  five  times. 

11.  Set  range  switch  to  position  B,  adjust  to  1  kilohertz  ±  10  hertz. 

Repeat  steps  10a  through  10c  five  times  at  this  frequency. 

12.  Set  range  switch  to  C,  adjust  to  10  kilohertz  ±  100  hertz.  Repeat 

steps  10a  through  10c  five  times  at  this  frequency. 

13.  Set  switch  to  D,  adjust  to  100  kilohertz  ±  500  hertz.  Repeat  steps 

10a  through  10c  five  times  at  this  frequency. 

14.  Switch  to  E,  adjust  to  500  kilohertz  ±  1  kilohertz.  Repeat  steps  10a 
through  10c  five  times  at  this  frequency. 
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15.  With  switch  still  In  position  E,  adjust  to  1  megahertz  ±  10  kilohertz. 
Repeat  steps  10a  through  10c  five  times  at  this  frequency. 

16.  Connect  test  lead  of  tester  (black  insulation)  to  TP2  on  exposure  appa¬ 
ratus. 

17.  Set  light  shield  (PVC  tubing)  longitudinally  along  optical  assembly  and 
over  photocell.  (When  properly  set,  sheet  metal  screw  under  photocell  will 
fit  small  hole  in  end  of  light  shield.) 

18.  Close  cover  with  TP2  connected  and  wire  routed  through  access  hole  on 
left  hand  side  of  hinged  cover. 

19.  Cover  box  with  black  cloth  to  exclude  ambient  light. 

20.  Verify  voltages  with  the  DVM  at  their  respective  test  points  on  the 
tester,  and  adjust  lab  supplies  as  necessary. 

Positive  for  Optics:  +  12  VDC  ±  10  rav 

Negative  for  Optics:  -  12  VDC  ±  10  mv 

"Unreg  In":  +7.5  VDC  ±  20  mv 

Note:  When  adjusting  and/or  setting  voltages,  be  sure  no  segment  of 

the  counter  numeral  display  (TL-302)  is  lit. 

21.  Record  the  following  for  Optics  Test,  "LED  ON":  amplifier  input  voltage 
at  TP2,  regulated  voltage  at  TP1  and  amplifier  output  voltage  at  "Optics 
Out." 


22.  Remove  cloth,  open  box  and  set  light  filter  snugly  against  light 
shield,  arrow  towards  shield.  Close  box,  cover  with  cloth,  then  verify 
optics  voltages  following  procedure  in  step  20. 

23.  Measure  the  three  voltages  per  step  21  and  record  on  line  labeled  "10% 
Fltt , "  for  Optics  Test. 

24.  With  cloth  still  on  box  and  voltmeter  at  TP2,  depress  the  reset  switch 
on  the  top  of  the  test  item.  This  turns  off  the  LED  in  the  optics  system. 
Hold  the  switch  down  until  the  voltage  at  TP2  stabilizes  (30-120  seconds) . 

25.  Measure  the  three  voltages  per  step  21  and  record  on  line  labeled  "LED 
OFF"  for  Optics  Test. 

26.  Open  box,  remove  light  shield  and  filter. 

27.  Carefully  set  TEST  LED  over  photocell  of  unit  being  tested.  Route  cable 
through  indent  in  front  of  cover.  Close  box  and  cover  with  cloth. 

28.  Verify  voltages  following  procedure  in  step  20. 

29.  Measure  the  three  voltages  per  step  21  and  record  on  line  labeled 
"TESTE.?.  LED,"  Optics  Test. 

30.  Move  DVM  lead  to  "PHOTOCELL  OUT"  and  set  DVM  to  measure  resistance. 
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31.  Set  range  switch  to  h  and  adjust  the  frequency  to  132  hertz. 


32  Clear  the  counter  with  the  reset  switch  and  press  the  count  button  once 
“  dUpl- “of  -11.  ■  If  the  count  In  o££.  reset  the  counter  end  reed- 

just  the  frequ...  .j  until  an  "11"  count  is  obtained. 


33  Place  the  tester  photocell  over  each  digit  and  measure  the  photocell 
resistance.  Record  the  resistance  readings  for  the  unit  an  ten  g 
line  labeled  "Display  1,"  Seven-Segment  Readout. 


34.  Press  the  count  button  seven  more  times  to  obtain  a  display  of  88. 


tout- 


35.  Repent  step  33  and  record  readings  on  line  labeled  -Display  8,-  Seven- 
Segment  Readout. 


t\  i; 

'  i-K, 


36.  Turn  off  the  power  supplies  and  disconnect  all  cables  and  test  equipment 
from  the  test  item. 


37.  Return  the  test  item  to  its  environment. 


S 


38  note  any  system  malfunoticns  and  events  which  might  influence  test 
rLlts  Report^  all  incidents  to  the  project  officer  immediately  after 
returning  from  the  field. 


I'M 

SIT  ! 
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DATA  COLLECTION  FORM 
OPTICAL  AND  DIGITAL  ELECTRONIC  SYSTEMS 


SN 


LOG 


BATE,, 


START _ 

TEMP _ RK _ 

OPERATOR _ _ _ 

1.  INPUT  V  REG  OUT  TP  1  TP  2 

20V _ _  _ 

15V  _  _ 

12V  _  _ 

7.5V 


3.  OPTICS  TEST  OPT  OUT 

LED  ON  _ 

10*  Pltr 


STOP _ 

_  TEST  ITEM  TEMP _ 

ALL  VOLTAGE  READINGS  (V  ±  .000) 

2.  COUNTER  TESTER  WWOWi’  TEST 
5  SAMPLES  READINGS  ITEM  1UXS  OFF 

100  hx _ _ 

1  khss _ _ 

10  khz  _  _ 

100  khz _ _ 

1  Mhz  .  . . . . . 

TP  1  TP'  2 


LED  OFF  _ _  _ _ _  TSTil  LED  V 

TESTER  LED 


4.  SEVEN-SEGMENT  READOUT  (KohJU  ±  .001) 


Units  Digit  Tens  Digit 


Display  1 
Display  ft 


NOTES t 


PNEUMAl'IC/HYDRAULIC/MBCHANICAL  SYSTEM  (PHM) 


a.  Descriptions  The  pneumatic/hydraulic/mechanical  test  device  consisted 
of  a  pneumatic  diaphragm  unit  which  was  pressurized  to  activate  a  master 
cylinder  which  then  activated  a  slave  cylinder.  Measurements  were  taken  of 
the  amount  of  movement,  of  the  slave  cylinder's  internal  element  versus  the 
amount  of  air  pressure  applied  to  the  diaphragm.  Specifically,  the  units 
were  tested  by  applying  25  ptsig  and  measuring  the  movement  of  the  slave. 
Then  the  unit  was  pressur ized  to  40  psig  and  the  amount  of  movement  measured. 
Finally,  the  unit  was  depressurized  to  25  psig  and  the  amount  of  movement 
measured.  By  using  two  pressures  and  cycling  from  low  to  high  and  buck  to 
low,  three  data  points  were  developed  which  indicated  changes  that  occurred 
with  each  unit. 

b.  Detailed  Test  Procedures  The  testing  apparatus  used  two  pressure  regu¬ 
lators  to  break  down  the  air  pressure  to  25  and  40  psig.  The  reduced 
pressures  were  fed  to  two  control  valves  which  were  closed.  Being  sure  that 
the  pressure  release  valve  was  closed,  the  low  pressure  control  valve  was 
opened  and  the  two  pressure  gauges  were  checked  to  assure  that  25  psig  was 
achieved.  Then,  using  a  depth  measuring  micrometer,  the  amount  of  movement 
or  deflection  of  the  threaded  steel  bar  coming  out  of  the  front  of  the  slave 
cylinder  was  measured  to  the  closest  thousandth  of  an  inch.  The  measurement 
was  recorded  in  the  log  book.  After  completing  inis  measurement,  the  low 
pressure  control  valve  was  closed  and  the  high  pressure  control  valve  opened 
and  the  pressure  gauges  were  checked  to  cissure  that  40  psig  was  achieved. 
The  same  measurement  which  was  done  at  the  lower  pressure  was  taken  and 
recorded.  The  next  step  was  highly  important)  the  high  pressure  control 
valve  was  closed  and  the  low  pressure  control  valve  opened,  then  the  pressure 
release  valve  was  carefully  opened  to  slowly  bleed  the  air  pressure  down  to 
25  psig  before  the  pressure  release  valve  was  closed.  The  amount  of  the  rod 
movement  was  measured  a  third  time  arid  recorded.  The  unit  was  depressurized 
by  closing  all  pressure  control  valves  and  bleeding  off  the  pressure  using 
the  pressure  release  valve.  The  test  item  was  returned  to  the  environment. 


c.  In  order  to  preserve  the  measuring  elements  of  the  test  device,  a  small 
amount  of  silicon  grease  was  applied  to  the  rod  end  of  the  slave  cylinder 
piston  and  the  adjacent  steel  plate. 


APPENDIX  C.  DATA 

Table  C- 1.  Optical  System  Failures — Jungle  Site 


Exposure  Time 

Unit 

Component 

(weeks) 

(SN) 

23 

27 

Resistor 

27 

44 

Operational  Amplifier 

27 

54 

Operational  Amplifier 

29 

27 

Operational  Amplifier 

34 

40 

Operational  Amplifier 

38 

44 

Operational  Amplifier 

44 

44 

LED 

Summary!  5 

operational  simplifier  failures 

1 

LED  failure 

1 

resistor  failure 

7“ 

Total  component  failures 

Table  C-2.  Optical  System  Failures — Open  Site 


Exposure  Time 

Unit 

Component 

(weeks) 

(SN) 

16 

13 

Operational  Amplifier 

21 

30 

LED 

21 

25 

Voltage  Regulator 

27 

30 

LED 

46 

23 

LED 

48 

30 

LED 

Summary;  4 

LED  failures 

1 

operational  amplifier  failure 

1 

voltage  regulator  failure 

6 

Total  component  failures 

e-i 


Table  C-3 .  Optical  System  Failures — Tropical  Greenhouse 


Exposure  Time 

Unit 

Component 

(weeks' 

(SN) 

17 

32 

Operational  Amplifier 

17 

32 

Resistor 

22 

55 

Operational  Amplifier 

24 

39 

LED 

34 

41 

LED 

34 

59 

Operational  Amplifier 

38 

39 

LED 

38 

28 

LED 

38 

t 

Operational  Amplifier 

40 

46 

Operational  Amplifier 

42 

59 

LED 

44 

31 

Operational  Amplifier 

45 

55 

Operational  Amplifier 

47 

6 

LED 

50 

46 

LED 

50 

53 

Operational  Amplifier 

Summary:  8 

7 

1 

operational  amplifier  failures 
LED  failures 
resistor  failure 

16 

Total  component  failures 

Table  C-4.  Optical  System  Failures — Fungus  Chamber 


Exposure  Time _ Unit _ Component 


(weeks) 

(SN) 

17 

17 

Resistor 

42 

17 

Operational  Amplifier 

44 

48 

Operational  Amplifier 

50 

14 

Operational  Amplifier 

Summary:  3 

1 

operational  amplifier  failures 
resistor  failure 

~T 

Total  component  failures 
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Table  C-5.  PHM  System  Failures 


Exposure  Time 

Unit 

Exposure 

(weeks) 

(SN) 

27 

T-ll 

Open 

27 

T-15 

Open 

28 

VI-22 

Greenhouse 

32 

W-24 

Greenhouse 

33 

T-8 

Jungle 

33 

T-10 

Jungle 

33 

T-17 

Open 

33 

T-18 

Open 

33 

T-23 

Open 

34 

W-6 

Greenhouse 

34 

W-15 

Greenhouse 

34 

W-18 

Greenhouse 

34 

W-30 

Greenhouse 

35 

T-26 

Open 

35 

T-3Q 

Open 

Table  C-6 .  Optical  System  Pa Hare  Rates 


No.  of 

Exposure  Failures 

Exposure 

Tim? 

No.  of 
Exposure 
Items 

Total 

Exposure 

Time 

Failure  Rate 

Jungle  Site 

7 

(xl, 000  hrs) 

8.736 

5 

(xl,000  hrs) (failures/1,000 
exposure  hrs) 

43.68  0.160 

Open  Site 

6 

8.736 

20 

174.72 

0.034 

Tropical 

Greenhouse 

16 

8.736 

15 

131.04 

0.122 

Fungus  Chamber 

4 

8.736 

5 

43.68 

0.092 

Table  C-7 .  PHM  System  Failure  Rates 


No .  of 

Total 

No.  of 

Exposure 

Exposure 

Exposure 

Exposure 

Failures 

Time 

Items 

Time  Failure  Rate 

(xl,000  hra)  (xl,G00  hrs) (failures/1,000 

exposure  hrs) 

0.068 

0.060 

0.053 

0.000 
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Jungle  Site 

2 

5.88 

5 

29.4 

Open  Site 

7 

5.88 

20 

117.6 

Tropical 

Greenhouse 

6 

5.71 

20 

114.2 

Fungus  Chamber 

0 

5.71 

5 

28.6 
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Dugway,  UT  84022 
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Director 

US  Array  Atmospheric  Sciences 
Laboratory 

ATTN:  DRSEL-BL-M  3 

White  Sands,  NM  88002 


Commander 

US  Army  White  Sands  Missile 
Range 

ATTN:  STFWS-TE  10 

White  Sands,  NM  88002 

Commander 

US  Army  Watervliet  Arsenal 
ATTN:  SARWV-RT-L  1 

Watervliet,  NY  12189 

President 

US  Arrai  Field  Artillery 
Board 

ATTN:  ATZR-BDTD  1 

Fort  Sill,  OK  73503 

Commander 

Naval  Air  Development  Center 
ATTN:  Tech  Director  1 

Warminster,  PA  18974 

Commander 

US  Army  Cold  Regions  Test 
Center 

ATTN:  STECR-PL  1 

APO  Seattle  98733 

Commander 

193d  Infantry  Brigade 


(Panama) 

ATTN;  AFZU-DPT  1 

AFZU-FE  3 

AFZU-JT  1 

APO  Miami  34004 

Commander  2 


Af'L  Meteorological  Team 
(Panama) 

APO  Miami  34004 


Administrator 

Defense  Technical  Information 
Center 

ATTN :  DDC-T  2 

Cameron  Station 
Alexandria,  VA  22314 

Chief  of  Naval  Research  1 

800  North  Quincy  Street 
Arlington,  VA  22309 

Of f icer-in-Charge 
Naval  Surface  Weapons  Center, 
Dahlgren  Laboratory 
ATTN:  DX-21  1 

Dahlgren,  VA  22448 

Commander 

US  Army  Operational  Test  and 
Evaluation  Agency 

ATTN:  DACS-TEO-N  2 

5600  Columbia  Pike 
Falls  Church,  VA  22041 

Director 

US  Army  Engineer  Topographic 
Laboratories 

ATTN:  ETL-GSL  1 

Fort  Belvoir ,  VA  22060 

Director 

US  Array  Night  Vision  Laboratory 
ATTN:  DRSEL-NV-PA-RA  1 

Fort  Belvoir,  VA  22060 

Commander-in-chief 

US  Southern  Command 

ATTN:  SCO- 3  1 

APO  Miami  34003 

Commander 

US  Army  Tropic  Test  Center 


ATTN:  STETC-MT.O-A  6 

STETC-MTD-TB  10 

STETC-MTD  (TIC)  30 

STETC-MTD  (Tech  Ed)  2 

STETC-MD-WPB  2 

APO  Miami  34004 
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